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AN ECOLOGICAL RECONNOISSANCE 


INTRODUCTION 


The taxonomie difficulties inherent to the study of 
animal communities have led some workers to the 
more or less frank abandonment of this field (Allee 
1930). The large number of species found in even 
a small community, the difficulty in obtaining good 
field preservation of many specimens requiring very 
different techniques, together with the necessity of 
seeking assistance from specialists who alone are 
capable of making specific determinations on various 
groups—all these things have contributed to the diffi- 
culties experienced in this type of work. There are 
few zoological fields in which so much time and effort 
must be spent in field, laboratory and library in order 
to obtain results. Yet such difficulties must be over- 
come in order to obtain even those “mere lists and 
descriptions” which are the foundation but not the 
aim (Forbes 1903) of any attack on the complicated 
problems of the biome. The pioneer studies of Shel- 
ford (1913) in the Chicago area stimulated much eco- 
logical work of great value, not only in that region 
but in many others both in this country and abroad. 
It seems to the writer that descriptions of communi- 
ties and environments found in hitherto little worked 
areas are likely to be of assistance to future workers, 
and indeed may encourage more detailed work by 
later investigators, even though the preliminary re- 
ports must be of necessity incomplete. Particularly 
is this true in cases where varied and interesting 
communities occur in areas where there are institu- 
tional facilities for their study. 

The present paper is offered as an introduction to 
some of the animal communities of the Medicine Bow 
Mountains in southern Wyoming. It makes no claim 
to be an exhaustive or even a complete survey, but 
is presented in the hope that it will be a tool in the 
hands of those interested in carrying on more de- 
tailed studies on the animal communities of that 
area, as well as on those found in ecologically similar 
localities in the Rocky Mountain region. 

Because of the large amount of material handled, 
and the number of taxonomic groups represented, the 
author’s debt of acknowledgments to those specialists 
who assisted by determinations is a heavy one. He 
is deeply grateful to the following, whose kind e¢o- 
operation was indispensable, for assistance with the 
groups indicated: Libbie H. Hyman, Turbellaria; J. 
Perey Moore, Hirudinea; the late F. C. Baker, 
Mollusca; Clarence R. Shoemaker, Amphipoda; 
Chaney Juday, Cladocera; R. E. Coker and the late 
Chas. B. Wilson, Copepoda; Clarence R. Shoemaker 
and Willis L. Tressler, Ostracoda; R. V. Chamberlin, 
Chilopoda and Diplopoda; Ruth Marshall, Hydra- 
carina ; H. EK. Ewing, Acarina; Wilton Ivie, Ara- 
neida ; the late Cyrus R. Crosby, Phalangida; the late 
A. N. Caudell, the late Myron H. Swenk, and Don B. 
Whelan, Insecta; Harlow B. Mills, Collembola; Dud- 
ley Moulton, Thysanoptera; Morgan Hebard, Orthop- 
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tera; Roger C. Smith, Neuoptera; Herman T. Spieth, 
Ephemerida; James G. Needham, Odonata; the late 
P. W. Claassen, Plecoptera; E. C. Barber, Carl John 
Drake, and Herbert Ruckes, Hemiptera; P. W. Oman 
and Herbert Osborn, Homoptera; P. W. Mason and 
Miriam A. Palmer, Aphididae; the late H. C. Fall, 
Coleoptera; Adam G. Boving, immature Coleoptera; 
Cornelius Betten and A. B. Gurney, Trichoptera; 
the late Foster H. Benjamin, August Busck, J. F. 
Gates Clarke, and Carl Heinrich, Lepidoptera; C. 
H. Curran, Chas. T. Greene, David G. Hall, and 
Alan Stone, Diptera; Charles P. Alexander, Tipu- 
lidae; William Middleton, Chalastogastra; A. B. 
Gahan and C. F. W. Muesebeck, parasitic Hymenop- 
tera; R. A. Cushman, Ichneumonidae; William H. 
Mann and M. R. Smith, Formicidae; Grace Sand- 
house, Apoidea; Leonard P. Schultz, Pisces; Doris 
M. Cochran, Amphibia; Gerrit S. Miller, Mammalia. 
To the following, with whom the author worked at 
the University of Wyoming mountain laboratory, he 
is indebted for specimens contributed: J. T. Glass, 
Rufus A. Lyman, and Anna Pechaneec. Prof. W. G. 
Solheim of the University of Wyoming kindly al- 
lowed the use of material taken from his climato- 
logical records for the years when the work was done. 
The author is under obligation to Mr. Leo A. Hanna 
for his generous permission to use the local map on 
which the particular study areas are indicated. And 
finally, the writer wishes to acknowledge his obliga- 
tion to his wife, Dr. Abigail K. Blake, for her con- 
stant encouragement and assistance, particularly 
with those parts of the work dealing with the me- 
teorology and plant ecology of the communities under 
discussion. 


METHODS OF STUDY 


The data on which this paper is based were as- 
sembled mainly during the months of June and July 
in the years 1933, 1935 and 1936. Thus it will be 
seen that the observations include only a part of the 
short mountain summer. However, at the altitudes 
where most of the studies were made, this period 
covers the seasonal societies represented at lower 
elevations by prevernal, vernal, and the beginning of 
aestival conditions. Snow was still present locally 
at the time when some of the earlier collections were 
made. A limited amount of collecting was done at 
the highest alpine station on Medicine Bow Peak 
during the month of August, 1937. 

The camp which formed the center of work for 
the three summers is located in well-developed spruce 
timber, adjacent to grassland. The ecotome is prac- 
tically a permanent condition at this elevation. The 
grassland, except some stream-side meadows, is the 
result of forest fires which occurred a generation and 
more ago. Although the temperature and relative 


humidity do not show the extremes characteristic of 
slopes, 


exposed mountain conditions are severe 
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enough to retard greatly the return of the spruce. 
The climax habitat is diversified accordingly by the 
development of considerable areas of grassland, 
aspen groves, and pure stands of lodgepole pine. In 
addition there is a variety of local aquatic conditions. 

The routine of visiting and studying stations was 
approximately the same for the three years, so that 
data from the same station are roughly comparable 
from year to year; thus, successive reconnoissances 
of the communities selected for study were made at 
about the same time each year. This, of course, does 
not mean that the conditions were identical on the 
corresponding dates, for climatic factors varied from 
year to year; still, it does mean that the various an- 
nual studies on the same community were made at 
approximately the same period in the seasonal de- 
velopment of that community. 

Environmental conditions at each station were re- 
corded in the field at the time when the study was 
made. For all habitats, locality, station, date, vege- 
tation, weather, and so forth were recorded. In ter- 
restrial habitats, air and soil temperature, relative 
humidity, direction and velocity of wind, amount of 
light, and sometimes evaporating power of air over 
short periods, were taken. The nature of soil and 
covering debris, as well as the hydrogen ion concen- 
tration of the soil, appeared in the records. In 
aquatic studies, note was made of such factors 
as depth, current, temperature at various depths, 
turbidity and concentration of hydrogen ions. Equip- 
ment for environmental study included standard 
thermometers, a maximum and minimum aquatic 
thermometer, cog psychrometers, an anemometer, and 
a Weston illuminometer. Hydrogen ion determina- 
tion apparatus was available for both soil and water. 
If the habitat was an aquatic one, a form (Form 1) 
of a type suggested by Adams (1913 and corre- 
spondence) was employed; if for a terrestrial habi- 
tat, a modification of this form (Form 2) better 
suited for such conditions, was devised. The aim was 
to give as good an idea as possible of the state of 
the habitat at the time when the animals were 
studied. 

The animals themselves were examined for con- 
stituent members of the community, their numbers 
and local and stratal distribution, stage of life his- 
tory, activity, and behavior. Often simple field ex- 
periments were made on prevalent animals, indica- 
tive of their thermotaxie, phototaxie or rheotaxie be- 
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havior, after the field experimental methods of Shel- 
ford (1917). Specimens were numbered in the field, 
the numbers corresponding to those entered on the 
field notes. A system of abbreviations, modified from 
Shelford, was found very convenient for taking cer- 
tain field data, of which many were recorded on form 
sheets (Form 3). The symbols most employed were 
as follows: A, abundant; F, few; Ch, characteristic; 
B, breeds (at point recorded); J, juvenile; E, egg; 
L, larva (or nymph); P, pupa; V, vernal; I, inci- 
dental (in given community); X, inconnu; T, posi- 
tively thermotaxic; —T, negatively thermotaxic; H, 
positively hydrotaxic; -H, negatively hydrotaxic; 
P, positively phototaxic; —P, negatively phototaxic; 
C, positively chemotaxic; —C, negatively chemotaxic; 
R, positively rheotaxic; -R, negatively rheotaxie. 
Collecting methods of course varied with the animals 
and the habitats, but included individual collecting, 
sweeping of insects, digging for subterranean forms, 
and the use of various types of nets and dredges for 
aquatic animals. Strictly quantitative collecting was 
limited to some plankton counts in the larger ponds 
and some sweeping and quadrat studies in spruce-fir 
forest and alpine meadow, especially the latter. The 
counts gave some data accessory to the general col- 
lections, but the author does not consider that enough 
work was done in this department to warrant any 
specific conclusions of a quantitative nature. The 
animals were collected in sufficient numbers and with 
sufficiently detailed search of the habitat, so that it 
is felt that the collections very fairly represented the 
animals prevalent in the community at the time. 
Final preservation and notation of specimens for de- 
tailed identification was done daily, at the conclusion 
of the field work; departures from this procedure 
were very rare. 

The study was centered mainly on invertebrates, 
and the data on these animals must be looked upon 
as much more complete and reliable than those on the 
vertebrates. In general, no attempt was made to 
collect the latter systematically, and the identifications 
were mostly field and sight ones, subject to the er- 
rors characteristic of such. For example, certain 
birds which seemed to be common in some of the 
communities and were often seen, were identified by 
sight and appear in the community lists. But no 
attempt is made to list all the birds characteristic of 
such communities. “Sight” identifications of verte- 
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Form 3. Blank for recording data on animals. 


brates have been checked by the known occurrence 
of various species in the area, as recorded by various 
authors (Knight 1902, Cary 1917, and others). It 
must be repeated that the species listed, of what- 
ever group, are almost without exception those that 
were numerous and conspicuous at the particular 
time when a given community survey was made. 
Other species, found less abundantly, are not included 
among the community prevalents, although found in 
the general list at the end of this paper. The com- 
munity lists represent therefore not all the animals 
found in the biome, but those found abundant in 
these particular studies. Almost any one of these 
communities would well repay a more intensive study, 
occupying as much time as was given to the entire 
series in the present study. 

The author considers that general and “frequency” 
collecting, as practiced in this study, is a valuable 
introduction to an animal community and should pre- 
cede quantitative methods, although for many pur- 
poses the latter are indispensable eventually. Fur- 
ther, strictiy quantitative methods sometimes fail to 
secure some animals whose activity, stratal behavior 
or other characteristics render them particularly in- 
vulnerable to such methods, even though the animals 
in question may be quite abundant, even prevalent, 
in the community. In a very careful quantitative 
study made on one of the communities in the present 
series (Fichter 1939), certain ground-dwelling in- 
sects failed absolutely to appear in the quadrat sam- 
ples, although they were always present and fre- 
quently abundant in our general collections. 

No attempt has been made to apply to the com- 
munities a nomenclature based on the prevalent ani- 
mals found therein. For reasons given in a previous 
paper (Blake 1931) it is considered that sueh an 
attempt would be premature. The community names 


employed are environmental ones derived, in the case 
of aquatic communities, from the nature, size, flow 
and physiographic relations of the bodies of water 
containing them; in the ease of terrestrial communi- 
ties, the nomenclature is derived from the dominant 
vegetation. The names of the land communities there- 
fore agree in a general way with those outlined by 
Hanna (1934) in his valuable study of the major 
plant communities of the same region. However, 
the mountain border zones of this worker were not 
studied in any detail from a zodlogical standpoint. 
On the other hand, the animal communities of the 
various aquatic and semiaquatic habitats were given 
more detailed study than has yet been afforded the 
aquatic plant communities of the Medicine Bow Re- 
gion. In a very general way, the communities have 
been studied and arranged in a seral order. Thus, 
among the aquatic communities, that of the small 
swift stream is “younger,” ecologically speaking, than 
those of larger swift streams. The smaller pond 
communities tend to undergo succession to forest, 
either directly or by way of the wet meadow or wil- 
low-bog stages; these, of course, are all in the hydro- 
sere division. On the xeric side, rocky slope areas 
are succeeded by alpine grassland and this, either 
directly or through aspen and lodgepole pine sub- 
climax stages, undergoes succession to the climax 
spruce-fir forest of the region. The grassland and 
sagebrush areas of the Laramie Plains are considered 
separately from this seral arrangement. 


GENERAL ENVIRONMENT 


A large amount of geological work has been done 
in this general area by Emmons (1902), Knight 
(1929), Hallock (1931), Dobbin and others (1929). 
Brief reviews of such portions of this work as are 
an aid to comprehension of the region as a biological 
environment have been given by Hanna (loc. cit.) 
and Fichter (loc. cit.), to whose summaries the reader 
is referred. Hanna’s survey and account dealt with 
a wider area than that embraced in the present study 
but the following paragraph, cited from his paper, 
gives a good idea of the varied topography found in 
the more limited area where our stations were located: 
“At middle elevations in the mountains, most of the 
slopes are the canyon sides of headwater streams. 
In places where there are open expanses in the can- 
yons long winding glacial moraines are common. The 
canyons rise rapidly from the Centennial Plains and 
the Little Laramie River heads on the comparatively 
level plateaus and among the mountain crags at alti- 
tudes approximating 11,000 feet. Many of these sub- 
alpine plains are poorly drained. Lakes, ponds, and 
wet depressions with an abundance of grasses and 
sedges, or willows, are very numerous. They are 
interspersed with xeric hillsides and ridges. The up- 
per reaches of this diverse area extend far above the 
timber line, where the relatively few trees are stunted 
and deformed. From these lofty heights the steep 
bare front of the Snowy Range rises over a thousand 
feet to the region of perpetual snow, culminating in 
Medicine Bow Peak with an altitude of 12,005 feet.” 
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CLIMATOLOGY 


The center of the study was in the subalpine forest 
belt above the town of Centennial, Wyoming, longi- 
tude 116° 14’ W., latitude 41° 21’ N., at an elevation 
of 9,800 feet. The climate, compared with that of 
the pine belt and the plains below, is cold and, in 
spite of high winds in exposed areas, relatively moist. 
Precipitation is sufficient to maintain mature forest 
of Engelmann spruce (Picea engelmanni) and sub- 
alpine fir (Abies lasiocarpa), although return after 
destruction is extremely slow. Such conditions indi- 
cate at least 20 inches of rainfall annually, with 
snowfall of 12 to 15 feet. Snow furnishes most of 
the effective precipitation. Ground moisture, a pow- 
erful factor in determining invertebrate life of a 
region, is mainly dependent on the winter snowfall. 
Accumulation begins among the trees in October and 
continues through April. The high water-content of 
the April snow is as useful for furnishing moisture 
as is the dry, hard-packed mass of winter precipita- 
tion for protecting the ground from low air tempera- 
tures. In the absence of this blanket of snow, plants 
and—to a somewhat less degree—animals suffer the 
reduction in species characteristic of tundra com- 
munities. 

Spring, “beginning when freezing temperatures are 
no longer of common daily occurrence and ending 
when temperatures of 70° or over begin to be of 
common daily occurrence” (Loveland 1934), is a brief 
interval in May and early June. Under the high sun 
the ground is saturated with melting snow, ponds and 
streams are full, and the meadows are converted into 
swamps. Extensive evaporation and absorption of 
heat by large, solid snowdrifts keep the temperature 
low. As June advances the excess of surface water 
dries or drains away. Temperatures begin to rise 
in both air and soil. Summer weather may occur 
from the latter part of June to the end of August. 
During this period most of the rain falls as light 
showers, followed by sunshine, and is ineapable of 
replacing the continuous water loss. Autumn is 
longer than spring, with mild temperatures and low 
precipitation. Drought, which affects soil and air, 
often precedes cold and terminates the short season 
of activity for invertebrates. 

Climatic data were taken at the center of study 
only during the summer. Computations have been 
made from all figures available for the last two weeks 
of June, all of July, and most of August in the years 
1933, 1935, and 1936. The figures for temperature 
are too high for comparison with Weather Bureau 
records which include all of June. They are, how- 
ever, more accurate for summer in this locality. Most 
of the figures were obtained frem recording instru- 
ments, housed in a standard instrument shelter one 
meter above the ground. The shelter was set on a 
cleared area a few rods from the forest margin. 

The mean summer temperature was 53° F., with 
the July average slightly the highest. (By records 
of the Weather Bureau in Laramie it is 61° F., in 
Cheyenne 65° F., and Denver, Colorado, 70° F.) 
The mean daily temperature was 60° F., the mean 
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nightly, 46° F.; the mean 24-hour maximum was 
67° F., the mean minimum, 40° F.; the absolute maxi- 
mum was 76° F., the absolute minimum, 25° F. Tem- 
peratures of 30° F. or lower occurred, one year or 
another, in all three months. While these were rare 
at the instrument shelter, light frost often lay at 
sunrise on the open meadow within a quarter of a 
mile. 

The mean relative humidity for the summer was 
60%. It was lowest in June, in spite of greater soil 
moisture, as this was the period of fewest clouds and 
showers. The mean daily relative humidity was 
45°, the nightly, 74%; the mean 24-hour maximum 
was 87%, the minimum, 35% ; the absolute maximum 
was 100%, the absolute minimum, 15%. While this 
last figure was unusual, afternoons often reached 
minima of 28% to 22%. 

Precipitation for the three summers averaged four 
inches, varying from 2.75 ins. to 6 ins. Less than 
0.2 in. fell usually in a single shower. A fall of 
2 ins. in a two-day period oceurred once only, in 
mid-July, 1936. The six-inch total of that season 
was considered more typical of the region than the 
smaller amounts of the other two years. While sum- 
mer rain seldom had more than a temporary effect, 
even its brief increase of atmospheric humidity was 
reflected in insect activity. 

A summary of aquatie data, taken when the habi- 
tats were visited, is presented in tabular form (Table 
1). The various factors are fairly consistent for 
each habitat during the years of observation. Most 
of the waters, even of the overflow ponds (Sta. E) 
showed some current, and the larger ponds received 
considerable agitation from wind. Truly aquatic vege- 
tation was secant. Hydrogen ion concentration, taken 
with a simple colorimetric device (Wherry 1920), is 
approximate only. Most readings were between pH 7 
and pH 8. The highest acidity recorded was pH 6.5 
in the moraine ponds (Sta. D), where there was much 
decomposing organic matter and no flow or move- 
ment by wind. 

Temperature was the most variable factor in the 
aquatic habitats. None of the bodies of water was 
deep enough to have a thermocline. Most were so 
shallow that were taken near the surface, 
simultaneous readings being made in the air. The 
swift streams and bog waters were between 45° F. 
and 55° F., rather independently of the warmth of 
the atmosphere. The ponds, with temperatures cor- 
responding much more closely to those of the air, 
often approached 70° F. in the sun. 


BIOTA 

The following biotic communities, designated by 
station letters, were studied during the course of this 
investigation: those of small swift streams (Sta. A), 
a larger swift stream (Sta. B), a large pond (Sta. 
C), moraine ponds (Sta. D), temporary ponds (Sta. 
E), wet meadows (Sta. F), willow bog (Sta. G), 
rocky slope (Sta. H), alpine grassland (Sta. I), sub- 
climax aspen (Sta. J), lodgepole pine forest (Sta. 
K), spruee-tir forest (Sta. L) and plains grassland 
(Sta. M). Most of these stations are located on the 
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TABLE 1. Environmental data on aquatic habitats. 





TEMPERATURE 


In °F | 
Station |Year) pH =e ____| Bottom | Depth Vegetation 
— o I 
§|%| |& 
| rare 
> | = =<] 


A |1933| 7.5-8.0| 54 | 46 | 57 | 57 | Rocks; | 10”-12”; | Very few 
Small 1935} 7.7 | 46 | to | 59 | to | little | extremes | lichens 


Swift |1936) 48 | 54| 60 | 60 | gravel | 2” and 

















Stream | | | 18” 
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Stream | j | | | 24” | 
11983}........| 57 | 60 |....| Deep | 2'-6'; | Algae; sedges; 
( 7.0-7.7 | rg eae ae |. | muck; | average | deep water 
Large ..+++-| 66 | 45 | 70 | 60 | 4’ in | 3’-4’ | forbs— 
Pond— |. | 8-50.¢ 63 to |.. to | places | | Nitella, 
Swasti- |1935] 7.7 | 45 | 66 | 61 | 71 |........]... | Naias, ete. 
ka Lake} 8.3 | 59 | | | | 
1936) OW be << 2/88 
66 | | 
en eee ee ee SS SS ee 
D |1933|6.5 | 53 | 44 | 57 | 57 | Muck |2”-4’ | Algae; sedges 
Moraine |: : 61 | to | to | over ee | near shore 
Ponds |1935| 6.5 44 | 66 | 62 | 69 | rocks 
1936]........] 66 |....] 69 | 
nee en Se et eS ee eee 
E  |1933] 7.0 70 | 52 | 70 | 59 | Muck | 12-15”; | Algae; no 
Tempo- |1935| | 60 | to | 59 | to a beaver | aquatic forbs 
rary | ‘73 58 | 70 |... | 70 |... | pond was| Meadow 
Ponds |1936| : 61 | Al ARO Cece | 1’-4’ sedges near 
| | 52 |...-) 62 | vafocvertee|ne reves shore 
|1933} . See ae . |....| Muck | 2’-3' Algae; no a- 
G |1935} ‘ | 44| 44 | 63 | 63 Je csseeee[eeeeess+e| Quatic forbs 
Willow 1936 7.0 | 52 | to | 66 | to |. Bagh: Cree Sedges and 
Bog | We) Sane 52 ..| 66 | grass on hum- 
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mocks 


accompanying map (Fig. 1). The greater part of 
the work was done, in the case of any given station, 
from local study areas which were maintained from 
year to year. In some instances several areas of the 
same character, sometimes too distant from the gen- 
eral study center to appear on the map, contributed 
their data to those of the central station. Thus the 
center of study for the small swift stream community 
was Blepharicera Creek, but some data for this com- 
munity were assembled from the swift stream form- 
ing the outlet of Lakes Irene and Swastika into 
Nash’s Fork of the Little Laramie River. In a simi- 
lar manner data from rocky areas and alpine tundra 
on Medicine Bow Peak were added to those taken 
from the corresponding study centers for these com- 
munities indicated on the map, and there were several 
centers for the spruce-fir forest study. Thus the 
term “station,” as employed in the following pages 
indicates not alone a restricted area where a certain 
community was studied from year to year, but also 
a set of similar conditions and organisms found else- 
where in the region as a whole. In eases where 
this has been done, the accessory data from different 
localities are generally indieated as such. Most of 
the material, however, eame from the local study een- 
ters shown on the map. 


SMALL Swirt STREAM COMMUNITY 
(Station A, Table 2) 


This community inhabits a narrow, rapid stream 
known locally as Blepharicera Creek, running through 
spruce-fir forest. The clear water makes visible the 
bare rocky sides and bottom. The reaction of the 
water is slightly alkaline, and the temperature is 
usually below 50° F.- Along the banks grow sparingly 
mosses and a few herbs, including grasses. 


TABLE 2. Prevalent animals of small swift stream 
habitat. 





Other Records 


Sration A, 9,700 Fr. AurrrupE 





COMMON NAME | 





SCIENTIFIC NAME 


Planarian 
Heptageniid mayfly . . 


| 
Polycelis coronata (Girard) 
Rhithrogena doddsi McD... . 
robusta Dodds... . | 
| 

| 





Station B 


Cinygmula sp. 
Ameletus sp. 
Siphlonurus sp. ae 
Ephemerella doddsi McD. 

od infrequens McD.. . 
Baetis bicaudatus Dodds. . . 
Alloperla borealis Bks.. . . 


| 

Baetid * | 

| 
| 

| 


Stonefly naiad | Stations E, J*, L* 


Clioperla ebria Hagen B, L* 
Dicomoecus sp. | Caddice-worm | Station B 
Chironomidae Aah Milge larva 
Simuliidae............. | Black-fly larva | 

Bibiocephala sp. . . Net-winged midge....... | 2 “ 
Salmo clarkii Richardson var....| Cutthroat trout Stations B, C 
?Salvelinus fontinalis (Mitchill) | Brook ° | 

* Adult. 


Animal life is in general searce in this stream, be- 
cause of rapidity of current, low temperature and 
accompanying absence of vegetation to furnish food 
and protection. The animals observed, except a few 
trout, were mainly predaceous larvae of insects. Such 
animals were able to live because of their carnivorous 
food habits, adaptations for obtaining prey and 
ability to avoid the force of the current by clinging 
to the under sides of rocks and adjusting their bodies 
to the direction of flow in the stream. 

The planarian, Polycelis coronata, was taken in 
July, 1935, when it was abundant under stones in 
the stream. It is a characteristic species of western 
mountain streams, and was again found in abundance 
under rocks in shallows the following year. Highly 
characteristic animals found in sueh situations are 
the nymphs of the heptageniid mayfly Cinygmula and 
the baetid mayfly, Ephemerella doddsi; the latter was 
collected also from the neighboring waters of Cen- 
tennial, Wyoming, by R. J. Gilmore (Needham, a. o. 
1935). The stonefly naiads, Alloperla borealis and 
Clioperla ebria, were also characteristic components 
of the community; the former was abundant in the 
swift outlet of Lake Irene, while adults were swept 
from over the water and incidcntally from adjacent 
terrestrial habitats such as aspen or spruce-fir forest 
near streams. A. borealis also appears to breed, as 
indicated by naiads taken in some abundance during 
June, in the temporary ponds (Sta. E). Clioperla 
ebria appeared also in small numbers in Nash’s Fork 
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Fig. 1. 
locations of areas studied indicated by capital letters. 


(Sta. B) and adults occurred incidentally in nearby 
spruce-fir forest; its population appeared to fluctu- 
ate very considerably from year to vear. The ead- 
dice-worm, Dicomoecus, and black-fly larvae must 
also be added to the characteristic community list. 


Map of University Camp area, Albany county, Wyoming, with principal ponds, streams, and trails; 


The first was usually attached, often in groups of 
considerable numbers of individuals, to the under 
sides of flat stones in the swift cold waters of all the 
small streams examined; some pupae were also col- 
lected. 
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July, 1945 


Also abundant under stones were the heptageniid 
mayflies, Rhithrogena doddsi and R. robusta; the 
former appeared only in 1935, when it was common 
in Blepharicera Creek during July. R. robusta 
nymphs were found in the smaller streams in late 
June and July, and adults were taken nearby a little 
later. Other mayfly nymphs present abundantly 
under stones were the baetids, Ameletus (a very gen- 
erally distributed Nearctiec genus), Ephemerella in- 
frequens, and Baetis bicaudatus. Undetermined 
chironomid larvae were also found, and likewise those 
of the net-winged midge, Bibiocephala. All these 
animals breed in the habitat under discussion, as does 
the baetid mayfly, Siphlonurus. As will be seen by 
reference to the station list, a number of the animals 
are found also in the large swift stream habitat 
(Sta. B), but seemingly in smaller numbers. 

The only vertebrates were trout, principally if not 
entirely the cutthroat, Salmo clarkii. Adjacent 
waters are stocked with this species and a few small 
fry or fingerlings were occasionally seen in the rapid 
water, and specimens collected. The record of the 
brook trout, Salvelinus fontinalis at this station is 
open to question; it is based only on a field observa- 
tion. However, the species has been stocked in 
nearby waters (University of Wyoming Bulletin 
1934). 

In an attempt to gauge the extent of community 
and stratal response, Cinygmula and several other 
animals were tested for rheotropism; all gave posi- 
tive reactions. Experiments on two substratal species 
living under rocks (Ephemerella doddsi and Alloperla 
borealis) showed, these animals to be photonegative. 
The former and also some other species gave a ther- 
monegative reaction. Thus there is evidence of be- 
havioristie response, correlated with habitat and 
stratal distribution therein, as found by Shelford 
(1914) in his stream studies. 


LARGE Swirt STREAM COMMUNITY 
(Station B, Table 3, Figure 2) 


The habitat is a typical permanent mountain 
stream, similar to Blepharicera Creek (Sta. A) ex- 
cept that it is much larger. The depth fluctuates as 
the amount of snow which feeds the sources of the 
stream diminishes with the advancing season, but the 
flow is sufficient to furnish power for a small hydro- 
electric plant. The water is very clear, as at Sta- 
tion A; the temperatures recorded were a few de- 
grees higher, as the greater width of the stream ad- 
mitted more insolation. Vegetation, in addition to 
lichens, consisted exclusively of a few submerged 
roots of terrestrial plants at the edge of the water. 
Littoral vegetation along the more level banks is 
inereased by sedges and willows. Spruce and fir 
dominate much of the area through which the stream 
flows. 

Beaver ponds were formed in the meadow south- 
east of the camp, along the course of Nash’s Fork. 
The stream became broader and lost its rapid current 
as it spread out in the meadow. From thirty to fifty 
feet on both sides the irregular ground was saturated 
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with water and submerged in many places. Behind 
beaver dams the creek rose and widened into ponds 
twenty to thirty-five feet across. The temperature 
of such a pond in July, with an air temperature of 
62° F., was 52° F. The depth varied from one to 
four feet; the bottom was muddy. The current was 
slow, but the turbidity was slight; hydrogen ion con- 
centration was not recorded. Vegetation was abun- 





Fig. 2. Large swift stream habitat. 


dant; algae and sedges were the most conspicuous 
aquatic plants, and decaying herbaceous vegetation 
added to the food materials present. Sedges, grasses, 
a few forbs and willows constituted the water-logged 
littoral plant life. Animal life was well developed in 
both variety and quantity. This was made possible 
by the abundance of vegetation, higher temperature 
of the water and greatly reduced current. Large 
numbers of minute crustaceans swarmed in the water. 
Protozoans were doubtless abundant, although not 
collected. Gastropods were present on the bottom, 


TABLE 3. Prevalent animals of large swift stream 
habitat. 











Sration B, 9, 775 Fr. AutirupE | Other Records 

SCIENTIFIC NAME COMMON NAME 
a eee ae eae Fresh-water mite......... Station A 
Cinygmula ramaleyi Dodds. ....| Heptageniid mayfly nymph 
Tron longimanus Eaton......... - 7 5 7 . 
Ameletus velor Dodds..........| Baetid 2 % 
Paraleptophlebia sp............ Ki ¥ 2 
Ephemerella coloradensis Dod - i ? > * 
Pseudocloeon sp..............- = i = 
Perlodes signata (Hagen)...... Stonefly naiad........... a 
TN oan ovine coecdces ” 7 
isla iriciveesdeaaxes = 7 
Rhyacophila sp.............. | Rhyacophilid caddice-worm| Stations A, E 


Hydropsyche sp................| Net-building 
Leptoceridae................ | Leptocerid wv Station A 
Bittacomorpha sp.............. Phantom crane-fly larva 
aE ee Typical ” 4 

Orthocladius (Spaniotoma) sp. | Midge larva............. = I* 





Salmo clarkii Richardson var....| Cutthroat trout. 
Cinclus mezicanus unicolor 


Stations A, C 








| 
Bonaparte............ | Dipper 
Castor canadensis canadensis | 
Me cavnos a tentadweel? | Canadian beaver 
*Adult. 
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mostly near the edges of the ponds. Aquatie insect 
larvae were numerous, including Ephemerida and 
Trichoptera of different habits from those in the 
swift streams, and also nymphs of Odonata. The 
trout seen were larger than those of the shallow 
streams. Sedges and grass along the banks held 
many adult insects, especially Diptera. 

The stage of succession is probably a little ad- 
vanced beyond that of the smaller streams (Sta. A). 
More and larger trout were present. Aside from 
these, the animal life observed consisted of species 
able to escape the force of the current by clinging 
to the lower sides of rocks. Larvae and pupae of 
predaceous insects, as well as some leeches, were 
found by overturning submerged stones. Adult may- 
flies and stoneflies were found about the middle of 
July on projecting bits of wood or at the edge of the 
water. 

Characteristically abundant on the under sides of 
rocks in the stream bed were the mayflies Cinygmula 
ramaleyi (heptageniid) and Ameletus velox (baetid). 
The former was abundant in 1933 and 1936 but was 
not found in 1935, when the animals may have been 
overlooked in collecting; specimens were not encoun- 
tered elsewhere. The same applies to Ameletus velox, 
save that it was collected all three years; adults were 
taken near the edge of the stream. There was only 
a slight difference between the frequency of the oc- 
currence of the caddice-worm, Rhyacophila, in either 
of the swift water stations; perhaps it belongs to 
one community as much as to the other. It appeared 
to be somewhat numerous, however, in the 
larger stream, where larvae were collected in abun- 
dance under stones, and pupal cases were also found 
on submerged wood. On July 4, 1935, the animals 
were taken from a temporary pond (Sta. E), the 
one exception found to the general rule that they live 
on the stony bottoms of swiftly flowing streams 
(Comstock 1924; Morgan 1930); I ean find no ree- 
ord that any members of the family are characteristic 
of ponds. Undetermined leptocerid caddice-worms 
were also abundant and characteristic under rocks, 
as was the nymph of the widely distributed mayfly, 
Pseudocloeon, and the fresh-water mite, Calonyx, the 
last with egg masses in July. 


Dob 


more 


Also abundant under stones were the mayflies, Jron 
longimanus (heptageniid) and Ephemerella colora- 
densis and Paraleptophlebia (baetids), the stonefly 
naiad, Alloperla, and the net-building caddice-worm, 
Hydropsyche. Adult stoneflies (Perlodes signata) 
were found around the margins, in many eases on 
driftwood projecting above the water, from which 
they probably emerged; naiads were not taken at this 


station, however, although found in Blepharicera 
Creek (Sta. A). The same applies to the stonefly, 


Ixoperla. Larvae and pupae of the phantom. ecrane- 
fly, Bittaecomorpha, and the typical erane-fly, Erio- 
cera, were collected from the large stream habitat, 
the former in eddies where the current was less vio- 
lent. Midge larvae referable to the genus, Ortho- 
¢ladius (Spaniotoma), were found under stones and 
adults, including females, appeared among the ani- 
mals of the alpine meadow community (Sta. T) at 
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no great distance. These animals are all breeding 
members of the swift water biome. 

Although the fry of the cutthroat trout were less 
characteristic here than in the smaller streams, they 
were observed in June, 1933, and July, 1936; speei- 
mens measured from a half inch to an inch in length, 
and were taken from protected places below rocks 
which broke the foree of the current. Adults are 
frequently taken by fishermen from the same waters. 
The dipper (Cinclus mexicanus unicolor) was found 
nesting under a bridge over the creek in July, 1935. 
A number of beavers occupied the area and their 
dams, mostly built of small sticks, flooded areas of 


adjacent willow ‘bog, in which their houses were 
found. In the nearby wet meadow (Sta. F) there 


were areas along the banks where the grasses had 
been grazed off by beavers as closely as cattle would 
have done. 

The only experiments carried on for this station 
were made on the mayfly nymph Paraleptophlebia, 
a Holaretie genus; they indicate that this animal is 
negative to both thermal and photie stimuli, as might 
be expected of one living under stones in a cold- 
water environment. 


LARGE Ponp COMMUNITY 
(Station C, Table 4, Figure 3) 


The body of water known locally as Swastika Lake 
is a comparatively large, permanent glacial pond in 
the spruce-fir forest, studied in 1933 by Glass in eon- 
nection with a series of observations on the growth 
of fingerling trout in natural lakes of this region. 





Fic. 3. 


Large pond habitat. 


That investigator ecntered his work on Lake Irene, 
a smaller but similar neighboring body of water, but 
he devoted considerable attention to Swastika Lake 
and introduced into his paper (1935) a comparison 
of the physical and biological data from the two habi- 
tats. He gives the area of Swastika as 11.15 acres, 
and the volume as 45,360 eubie meters; it shows much 
seasonal fluctuation, however, since melting snow con- 
tributes to it extensively in the early summer. The 
present writer’s observations indicate that the water 
is slightly alkaline, less so near the mouth of a tribu- 
tary stream; Glass gives an average hydrogen ion 
concentration of 8.4 for the entre summer of the 
year he worked. Waves often develop and turbidity 
is low to medium. The wide exposure to sunlight in 
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the protection of the surrounding forest results in 
much higher temperature and wider ranges than are 
recorded for the streams. Glass finds a June to Sep- 
tember average of 17.33° C., whereas the present 
readings are somewhat lower; they were all taken 
comparatively early in the season, when the water 
from the snow-fed tributaries had not yet become 
as warm as it does later in the summer. In winter 
the water freezes to the bottom, where there is a 


deep layer of muck throughout. In only a few places — 


were rocks found. The increasing accumulation of 
plant and animal remains, only partly decomposed 
in the cold water, is gradually filling the basin. 


TABLE 4. Prevalent animals of large pond habitat. 





Sration C, 10,000 Fr. ALtirupE | Other Records 


SCIENTIFIC NAME COMMON NAME 





Glossiphonia complanata (L.) .| Glossiphonid leech 


Nephelopsis obscura Verrill.....| Herpobdellid =" Station G 
Diaptomus minutus Lilljborg.... | Copepod 

Gammarus limnaeus Smith......| Scud 

Protiza sp... ... amarehid .| Fresh-water mite 

Notonecta undulata Say . ‘ | Back-swimmer 

Gerris marginatus Say : | Water-strider.......... Station E 
Agabus confinis (Gyll.). | Predacious diving-beetle 


Rhantus bistriatus (Bergst.) 
Dytiscus dauricus Gebl.. . . 
Agrypnia straminea Hagen... ..| Phryganeid caddice-worm 
Molanna flavicornis Bks.. . . .| Molannid m 
Pisidium sp. ok , : Pill-clam 

Salmo clarkii Richardson var. | Cutthroat trout......... 
Bufo boreas boreas B. and G.....| Toad 


| 

oof 
| 
| ” ” 
| 


Station D 





| Stations A, B 


Aquatic vegetation was sufficient to support a 
large number of animals, both microscopic and macro- 
scopic. Algae were present throughout. While 
aquatic plants were not conspicuous along the shore, 
in the deeper water such forms as Nitella were abun- 
dant (25 per cent according to Glass, who gives 
average number of plants per square meter as 30.74). 
Naias was abundant, and Glass lists a number of 
other aquatic and semi-aquatice plants. Growths of 
willows reached the water at some points, but were 
entirely absent at others. Around the lake spruce, 


‘fir, and pine were represented. Sedges, grasses, and 


forbs grew near the shore, but did not develop abun- 
dantly or conspicuously in the litter of evergreen 
needles. Shrubs noted as present included Vaccinium, 
Rosa, and Potentilla. Lupinus was also observed. 

Animal life, as stated, was abundant and varied; 
it appeared to be relatively less in numbers and di- 
versity, however, than in the temporary ponds with 
their higher temperature and more rapid deeompo- 
sition of organie remains in the shallow, sluggish 
water. Small crustaceans were the most numerous 
animals in this large glacial pond. Leeches were 
found near the surface at all distances from shore. 
Predacious diving-beetles were often conspicuous in 
shallow water at the margin. 

Glass’s account of the animals of Lake Irene eon- 
cerns those used as food by young trout and in faet 
is based on stomach examinations of those fish. He 
named his animals to order only, but his list furnished 
some interesting comparisons with Table 4. Aside 
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from groups represented by species on that table, 
he adds a number of groups of animals. Some of 
these (Orthoptera, Homoptera, and Hymenoptera) 
are of course incidental; they represent animals fallen 
or blown into the water from surrounding terrestrial 
communities; the same applies, although with less 
force, to the adult Ephemerida and Diptera found in 
the stomachs of his trout. None of these were of 
much importance quantitatively, nor did the Nema- 
toda play any important role in the food of these fish. 
Ostracods and small snails were present in some num- 
bers in July and August, and mayfly nymphs earlier 
in the season. But the groups that were most abun- 
dant, as judged by stomach contents of trout, were 
Cladocera and dipterous larvae. Both of these were 
present in considerable numbers throughout the sum- 
mer, and both mounted to high maxima during the 
month of September. 

Glass gives the number of “food animals” (for 
young trout) in this lake as 24,750 per cubic meter, 
which presumably does not include the smallest or- 
ganisms, such as protozoans; even so, the figure seems 
low for such waters. The pond is filling with debris 
to the point where it can be considered well advanced 
in succession, and such ponds are usually more pro- 
ductive than younger ones, as is also indicated by 
comparison of this pond with the temporary ponds 
(Sta. E). Shelford (Ward and Whipple 1918) gives 
figures for an advanced prairie pond in the Chicago 
area; the number of entomostracans found by this 
investigator was approximately 12,000 per 90 liters 
of water or 133,000 per cubic meter. In the present 
study some counts were made of samples taken with 
bolting-silk quantitative tow-nets and with a_ two- 
liter sample dipper, the former being regarded as 
more efficient; the mesh (No. 18) was the same as 
that employed by Glass, and would not take the finest 
of the net plankton (Welch 1935). These collec- 
tions, taken on July 20, 1935, gave uniformly higher 
values than any of the figures cited above. Owing 
to the small number of collections made, however, 
coupled with the fact that the deepest towings had 
to be discarded because of clogging of the net by 
floceulent organie debris abundant near the bottom, 
the specific figures are not thought worthy of record. 
In any event, the small aquatie life was very abun- 
dant and fairly varied. It was sufficient to supply 
cnough natural food so that trout fingerlings planted 
here surpassed in growth those reared in hatcheries 
on artificial food. Trout do not oceur here except 
when planted artificially cach season. Solid freezing 
of the pond kills them, nor could their eggs develop 
if deposited in the deep muck on the bottom. 

Of the larger animals characteristic of this pond 
habitat, the most abundant were the herpobdellid 
leech, Nephelopsis obscura, the seud, Gammarus 
limnaeus, the predacious diving-beetle, Dytisens dau- 
ricus, the caddice-worm, Molanna flavicornis, and the 
pill-clam, Pisidium. The first was found either free- 
swimming in the deeper water of the lake or attached 
on the under sides of rocks in the shallows near the 
margin, which habitat it shares with the leech, Glos- 
siphonia complanata; a few N. obscura appeared in 






















































































































218 


a rather large pool in the willow bog habitat (Sta. 
G) early in July, 1936. The seud, Gammarus lim- 
naeus, appeared in numbers in all collections made 
at Swastika Lake, and was not encountered at any 
other station. It was found feeding on Nitella, and 
generally distributed above the muck along shore and 
free-swimming in the lake at all depths and at all 
distances from shore. Predacious diving-beetles of 
the species named above much outnumbered the two 
others found, Agabus confinis and Rhantus bistriatus, 
although the last two were found only at this station. 
Adults and probably larvae of D. dauricus were col- 
lected also from the moraine ponds (Sta. D); it is 
thus not confined to the larger ponds. These beetles 
were usually found swimming freely around the edges 
of the pond, where they breed; mating was observed 
at the end of the first week in July, 1935, and larvae 
were found later in the season, moving slowly near 
the shore. Both the adults and the water-tiger larvae 
were collected also early in July of the next year. 
Caddice-worms referable to Molanna flavicornis were 
distributed indifferently on muddy or sandy bottom; 
adults also appeared in the vicinity of the pond. 
The pill-clam, Pisidium, oceurred abundantly but 
locally on the bottom. 

Another abundant species of this community was 
the water-strider, Gerris marginatus, which breeds 
here; adults were observed mating the latter part of 
July. The species was found also on the surface of 
the temporary ponds (Sta. E). Among the plankton 
was the copepod, Diaptomus minutus. Less eonspicu- 
ous in the community were the water-mite, Protiza, 
the back-swimmer, Notonecta undulata, and the ead- 
dice-worm, Agrypnia straminea (Phryganeidae). 

The pond has been stocked with fingerlings of the 
cutthroat trout, as previously stated. The only other 
vertebrate observed was the toad, Bufo boreas boreas, 
the adults of which were breeding in the water at 
the edge of the pond on July 8, 1935. 


MorAInE Ponp CoMMUNITY 
(Station D, Table 5) 


The station comprises a series of small ponds situ- 
ated in depressions formed in connection with glacial 
moraine deposits, north of the camp (Fig. 1). Of 
the ponds making up this group, four or five smaller 
ponds and one much larger received study. They 
are renewed annually by melting snow, and become 
mostly dry later in the summer. While there are no 
definite outlets, the water seeps out, forming marshy 
areas at the edges. 

Temperatures are comparable to those of the large 
lake (Sta. C); they may rise above 65° F. The 
moraine ponds are so quiet, being well sheltered from 
winds and without current, that turbidity is very 
low. Acidity, in this alone among the aquatic sta- 
tions, is constant although slight. 

The ponds vary in depth from 2 to 4 feet; the 
bank usually drops off abruptly to relatively deep 
water. In some places, however, deposits reduce the 
depth to a few inches along the shore. While much 
of the bottom is rocky, accumulations of muck are 
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TABLE 5. Prevalent animals of moraine pond habitat. 





Sration D, 10,200 Fr. Attrrupe Other Records 





SCIENTIFIC NAME COMMON NAME 


Worm leech... . 
Fairy shrimp 


Dina parva Moore............ 
Eubranchipus gelidus Hay...... 


Station C 


Diaptomus shoshone Forbes... ..| Copepod 
Aeschna eremita Scudder. . Hermit dragonfly 
ae: SPR enone Blue darter dragonfly 


Somatochlora cingulata Selys. 

Leucorhinia hudsonica Selys.. . . 
IR Cosncnipivns oneneees 
Enallagma boreale Selys........ 


Ringtail dragonfly 
White-faced skimmer 
Stalked-winged damselfly 
Bluet damselfly...........| Stations J*, M* 
Gerris remigis Say... S43 Large water-strider....... Station C 
Gerris pingreensis D. and H... Water-strider............ = F 
Ilybius angustior (Gyll.)........ Predacious diving-beetle. . . " —£E 
Rhantus divisus (Aube)........ ad 7 
Gyrinus minutus Fab...........| Small whirligig-beetle 
Donacia wallisi Schffr....... . : | Long-horned leaf-beetle. .. . ai L° 
Limnophilus sp.. wee Caddice-worm............ _ I* 
Mochlonyz cinctipes (Coq.) Mosquito larva 
Aedes pullatus (Coq.).......... a " and pupa 
Pseudacris nigrita septen- 
trionalis (Boulenger)........ 





Swamp cricket froz 








*Adult. 


filling the ponds. The stage of succession is earlier 
than that of the temporary ponds (Sta. E) where the 
rocks are hidden by the deposit of organic remains 
and silt. 

Little aquatie vegetation developed in the acid 
water, although algae and some submerged plants 
were encountered in dredging; near shore sedges pro- 
jected from the water. A forest of spruce and lodge- 
pole pine surrounded the ponds. In some marshy 
areas willows extended into the water, while in other 
places the bank was covered with dry duff, charac- 
teristic of coniferous forest. Vaccinium and Juni- 
perus sibericum grew in seattered clumps. 

Animal life observed included young frogs in the 
marshy shore areas and long-horned leaf-beetles 
emerging on sedges projecting from the water. Cast- 
ing with the Birge net brought such forms as cope- 
pods, eladocerans, rotifers, and Volvox. Predacious 
diving-beetles were less conspicuous than in the large 
permanent pond (Sta. C). ’ 

The most abundant and characteristic animals were 
the fairy shrimp, Eubranchipus gelidus, the copepod, 
Diaptomus shoshone, the bluet damselfly, Hnallagma 
boreale (?), the water-strider, Gerris pingreensis, the 
small whirligig-beetle, Gyrinus minutus, the eaddice- 
worm, Limnophilus, and the mosquito larva, Moch- 
lonyx cinctipes. Eubranchipus gelidus swarmed in 
the ponds during the latter part of June, 1933. The 
same applies to Diaptomus shoshone, but this copepod 
was not taken again, either here or elsewhere; Ward 
(1904) found the species abundant in elevated lakes 
in the Pike’s Peak region. Bluet damselfly naiads of 
E. boreale or some closely related western species, 
were crawling up the emergent vegetation of one of 
the ponds on June 30, 1933, for the purpose of trans- 
forming. The naiads were not found elsewhere, al- 
though the species probably breeds in similar habitats 
nearby. The adults were taken in flight at various 
stations, as near Libby Creek in the aspen subelimax 
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(Sta. J) and sometimes remote from water. For 
example, both males and females were collected far 
out on the Laramie Plains (Sta. M) ; thus this species 
is sufficiently strong-winged to venture considerable 
distances from the breeding habitat. Gerris pin- 
greensis moved in numbers over the surfaces of the 
moraine ponds, and was found in smaller concen- 
tration on the standing water of flooded meadows 
(Sta. F), where it probably breeds. Gyrinus minutus 
appeared only in 1933 and 1935. Caddice-worms, 
apparently belonging to the genus Limnophilus, were 
found in these ponds whenever they were investi- 
gated; winged adults appeared in sweep collections 
from alpine grassland at no great distance. Moch- 
lonyx cinctipes larvae must be included among the 
prevalent animals of the habitat. 

Another abundant animal was a worm leech, prob- 
ably Dina parva, in two of the lower ponds of the 
moraine series; it also appeared in the Swastika Lake 
collections of the same year (1933) in smaller num- 
bers but of large size; some were noted that were 
several inches in length. Naiads of the odonate 
Somatochlora cingulata were prevalent in the habitat; 
on July 6, 1935, they were crawling up on the grass 
at the edge of the water to transform. The species 
is usually found in the vicinity of larger bodies of 
water (Walker 1925), but in this study it was found 
only in the small moraine ponds. Both larvae and 
pupae of Aédes pullatus were found to be abundant 
in the ponds during the latter part of June. The 
swamp cricket frog, Pseudacris nigrita septentrio- 
nalis, was the only vertebrate, and was common around 
the ponds early in July for two of the years of study. 

Other animals were less conspicuous. Naiads of 
the hermit dragonfly, Aeschna eremita, were collected 
and also undetermined naiads of another species of 
the same genus; the animals typically breed among 
vegetation in such shallow quiet waters. Naiads of 
the white-faced skimmer, Leucorhinia hudsonica, and 
of the stalk-winged damselfly, Lestes sp., added to 
the Odonata of these ponds. Gerrids, apparently, 
G. remigis, were collected from the surface of the 
water in 1935, when they were also found in the 
large pond (Sta. C); they were scarce the following 
year. Dytiscids were less prevalent than in the large 
pond, but specimens of Ilybius angustior were eol- 
lected from the shallow water among emergent grasses 
at the edges of the ponds, and also in temporary 
ponds (Sta. E) of the wet meadow area. Rhantus 
divisus was also secured in small numbers; it was 
not found elsewhere. The long-horned leaf-beetle, 
Donacia wallisi, was captured from partly submerged 
sedges a few inches out of the water; in the larval 
stage it feeds on the submerged roots of aquatic 
plants (Morgan 1930). A specimen was taken also 
from coniferous forest (Sta. L), where it was no 
doubt incidental. 

Behavior observations for this community were 
limited to observations on the temperature reactions 
of Enallagma boreale naiads and Gerris pingreensis, 
which both behaved negatively. 
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TEMPORARY PoND COMMUNITY 
(Station E, Table 6, Figure 4) 


Small, stagnant temporary ponds occur in the wet 
sedge meadow a quarter of a mile southeast of the 
camp (Fig. 1). Some are due to melting of snow 
on the meadow and to the spring overflow of Nash’s 
Fork after it leaves the forested area. Larger ponds 
(some 25 ft. in diameter) result from beaver dams 
where the stream, losing its swift current, spreads 
out on flat land; higher spots are marked by islands 
of willow bushes. 





Fig. 4. Temporary pond habitat. 
The bottom of the ponds is muck of variable depth, 
formed from the submerged vegetation of the mead- 
ow. The bottom is clearly visible through the clear, 


TABLE 6. Prevalent animals of temporary pond com- 
munity. 











Sration E, 9,700 Fr. AutirupE Other Records 
SCIENTIFIC NAME COMMON NAME 
| 

NS, wsimceemoematis | Planarian 
PMI digs dsccinres casein | Water-mite.............. Station D 
EO er hea | si | 
Hydryphantes ruber (DeGeer) . . . | = Stations D, F 
NZ oc. re vic tihi-095/deelaninee ” 
Siphlonurus sp....... ..| Baetid mayfly nymph 
Aeschna sp...... bbuswpawae | Blue darter dragonfly... ..| Station D 
MI 9 vinenivclescicl anne | Water boatman 
Hydroporus grisseostriatus | 

NG a cosy aan osacsinces | Predacious diving-beetle...| Station D 
Agabus inscriptus (Cr.)?..... | : 7 Stations C, G 


” ” ” 


strigulosus (Cr.)........ | 


approzimatus Fall...... . Station D 


” 





Rhantus binotatus Fall... .. ee i ws 
NE eer ee n 4 | 
Heloporus sp............. nae | Water-scavenger beetle... . Station A 
Limnophilidae........... ..| Limnophilid caddice-worms| Stations C, F 
pT errr ee | Limnophilid caddice-worm 
Aedes cataphylla Dyar..... ~~ Mosquito larva and pupa 
Stagnicola palustris nuttalliana | 
WI ec cisvnioawncs ese tes Pond snail 


Stagnicola palustris 
wyomingensis (F.C. Baker) . 
Bufo boreas boreas B. and G.*...| Toad............ ..+++-.| Station C 
Rana pipiens Schreber....... . Leopard frog 
Actitis macularia (Linnaeus). . . . | Spotted sandpiper 
| 





Pond snail 











*Immature. 








220 


shallow water. Temperature is relatively high in 
bright sunshine and is doubtless subject to wide di- 
uwrnal variation. The hydrogen ion concentration 
indicates very slight alkalinity to neutrality. 

No charaeteristically aquatie vegetation was ob- 
served, although undoubtedly algae were present. 
The littoral vegetation consisted of that of the sur- 
rounding meadow, mostly grasses, some sedges and a 
few forbs, such as violets and buttereups. Isolated 
clumps of willows grew a few yards from the ponds. 

Abundant and varied animal types were observed, 
although conditioned by the necessity of either en- 
during long periods of drying or finding means of 
migration. Animal life most abundant in the 
shallow water at the edges of the ponds, where the 
temperature was highest and submerged, actively de- 
caying vegetation was most abundant. Aquatic 
snails, caddice-worms, and mayfly nymphs were seen 
on the bottom, crustaceans, culicid “wrigglers,” and 
predacious diving-beetles at all depths. Several kinds 
of water bugs and lyeosid “wolf-spiders” sprawled 
on the surface in search of prey. The temporary 
nature of the ponds was indicated by the absence 
of fishes and aquatie vegetation. A few amphibians 
were observed. 

Characteristically abundant animals were the pre- 
dacious diving-beetle, Dytiseus, limnophilid eaddice- 
worms, the immature stages of the mosquito, Aédes 
cataphylla, and the pond snail, Stagnicola palustris 
nuttalliana. The first of these were found during the 
last two years of study. A few of the water-tiger 
larvae of these beetles were collected also from near 
the surface in early July, 1935; they were also taken 
from the small pond known as Trails Divide Lake 
later in the season. In 1936 the larvae were abun- 
dant on the bottom at about the same time. Caddice- 
worms were found in the temporary ponds in all 
three years, although less abundant in 1935. They 
were often observed crawling and dragging their cases 
along the bottoms of these shallow ponds. The ani- 
mals breed in this habitat and pupae were collected, 
following the general rule of this group in pupating 
in sheltered places in the water. It was not possible 
to secure even generic determinations on the ma- 
terial, because of its juvenile condition. Some of the 
larvae in fact may have been Phryganeidae, since 
they approached the spiral arrangement characteris- 
tic of that family. Adults were collected from the 
vegetation near Trails Divide Lake, under conditions 
approximating those of wet meadow (Sta. F). The 
larvae of the mosquito named above were swimming 
in numbers near the surface, and pupae were also 
highly characteristic constituents of the community 
in late June and early July; in 1936 only pupae were 
found by July 2. Stagnicola palustris nuttalliana 
was not found in any other station; it was abundant 
on vegetation along the shallow margins of the ponds, 
and often clinging to floating sticks, more rarely on 
the bottom. Some of these snails were immature. 

A considerable list of other animals, only less nu- 
merous in the community than those named, occurred 
as breeding or regular residents. A _ rhabdocoel, 
collected from the surface waters 


was 


Mesostoma, was 
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among vegetation, and the water-boatman, Corixa, 
was abundant also. Mayfly nymphs, Siphlonurus sp. 
(not, however, S. occidentalis; vide Sta. L), were ex- 
tremely abundant both in shallows and on the bottom, 
and the same applies to the naiads of the blue darter 
dragonfly, Aeschna. Two species, Hydroporus gris- 
eostriatus and Agabus strigulosus, were conspicuous 
among the predacious diving-beetles prevalent in this 
community, where they occurred either in the ponds 
themselves or in sluggish watercourses leading into 
them. The former also occurred in the moraine ponds 
(Sta. D). Larvae and adults of the latter were 
found in abundance in early June; the animals also 
appeared among sedges in the shallow water of the 
willow bog habitat (Sta. G) and there are records 
from Swastika Lake (Sta. C). Blatehley considers 
the genus more at home in shallow pools than in 
deeper waters. The water-tiger larvae of a dytiseid 
that was probably Rhantus binotatus were abundant 
on the bottoms of the ponds, as were also eaddice- 
worms of the genus Anabolia. 

Other animals occurred in smaller numbers, but 
some of them are highly characteristic of such habi- 
tats. Such is the ease with the water-mite Hydry- 
phantes ruber, also present in moraine ponds (Sta. 
D) and flooded meadows (Sta. F); they were found 
crawling and swimming in the water but were not 
abundant at any time. A single young adult of 
Kylais was taken from the surface of the water in 
early July, 1935, and at about the same time the fol- 
lowing year several were found at various depths; 
this water-mite is common in such habitats and was 
found also in the moraine ponds. Other water-mites 
that appeared sparingly were Thyas and the large 
Piona. Water-seavenger beetles were much less nu- 
merous than dytiseids; however, specimens of an un- 
deseribed species of Heloporus were collected. An 
individual was taken also from the swift water habi- 
tat, where it is probably even less common. The 
snail S. p. wyomingensis was observed on the surface 
of the mud at the edge of the ponds, when they were 
drying late in July, 1935; the animals were not 
abundant and were not taken again or elsewhere. 

Vertebrates were mainly amphibians. Eggs and 
immature larval stages about 14 in. long, presumably 
Bufo boreas boreas, were found in the water on 
June 27, 1933. Tadpoles were collected in early 
July, when they were abundant near the surface of 
the water among the vegetation alongshore. The 
toads were frequently found in the flooded meadows 
of the vieinity. Larval forms of another amphibian, 
perhaps the leopard frog, Rana pipiens, were char- 
acteristic but not numerous in the water during late 
June; the frogs were also recorded from the banks 
but the field identification is uncertain. The spotted 
sandpiper, Actitis macularia, was commonly observed 
around the margins of these ponds. 

Some environmental data for the terrestrial habi- 
tats are given in Table 7; these are scattered records, 
but give conditions surrounding the communities at 
the times when studies were made. The various read- 
ings were all taken during the middle part of the day, 
none earlier than 8:30 A.M. or later than 1:00 P.M.; 
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by far the greatest number of readings were made 
during the period between 9:00 a.m. and 10:00 a.m. 


TABLE 7. Environmental data on terrestrial habitats. 





Temperature In °F, | | 




















Station | Year | 7 | |__| Humidity | Wind in | Light in 
| Air |Range| Soil |Range| (Percent) | f.p.m. | fy 
1933 | 62 | 47 | 32 
F 72 | 60 | 61 | 42 | 34 
Wet 1935 | 60 | to | 42 to | 35 150 7,600 
Meadow | 72 | 63 | 4,600* 
1936 | 67 55 te ae | 6 1,700 
67 | 55 40 3 5,000 
H 1933 | 66 | 59 54 52 33 | | 
Rocky 65 | to 58 to 43 
Slope | 1935 | 59 | 72 52 | 58 | 41 | 256 6,000 
1936 | 72 | -: 58 39 «| ~—544 3,600 
| 1933 | 63 | .. | 54 | z 49 | Light | Full 
65 : io. 1. = ips | sunlight 
| .. | 88 | a ae 
| 62 59 = 59 ber, 
1 | 1935} 53 | 50 | 51 | 44 36 7,000 
Alpine | 50 | to 44 to | Light 8,000 
Grass- 66 67 51 60 47 | 61 
bal | 61 |. 31 | 158 
| | 63 52 52 200 
e | 56 | 
1936 | 67 60 44 304 ” 
| 62 55 35 643 10,000 
J 1933 | 71 55 < 34 | 
Aspen |... | 75 62 60 47 29 
Sub- | 1935 | 62 to 47 to 21 Bright 
climax | 82 82 58 60 22 98 1,200 
| 1936 75 o 58 Eis 39 | 59 2,000 
——_—|—_|—_|_|__|__|- aS eae 
K | 1933 | 66 | 63 | 51 | 48 27 | Light | Bright 
Lodge- | | 63 to 53 to Low | - pay 
pole =| 1985 | 67 | 67 | 48 | 58 | 22 | 1,000* 
Pine | 1936 | 66 58 3 | 1,260° 
SE | ORE) (a RIE (NA) (eae (Eee reece (neta 
1933 | 58 38 19 | Light 
I .... | 65 | 58 | 46 | 38 46 
Spruce- | .... | 65 to 50 to 52 
fir | ---- | 60 | 67 48 | 50 59 ae 
Forest | 1935 | 62 * 44 x4 35 1 
1936 | 67 | m 49 s. 40 | 90 900 
M | 1985] 79 | .. | 68 14 494 3,000 
Plains | | 91 | 74 82 63 10 187 8,000 
Grass- ot to = to | 18 Moderate | 10,000 
land | 1936} 75 | 91 | 72 | 82 | 39 | 946 5,000 
| BW). | w | 25 2,239 4,500 








*Under vegetation. 


Wet Meapow ComMMUNITY 
(Station F, Table 8) 

Wet meadows border Nash’s Fork, from a quarter 
to a half mile southeast of the camp. The slight 
slope to the north is not sufficient for drainage, and 
beaver dams have retarded further the movement of 
the water. The soil, saturated in spring by melting 
Snow and overflow from the stream, remains boggy 
throughout much of the summer; temporary pools 
are frequent. As the ground dries a little grazing 
by mountain cattle takes place. The wet soil varies 
from black muck, formed by partial decay of organic 
matter at low temperatures, to sandy loam along the 
stream and around the larger pools. 
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TABLE 8. Prevalent animals of wet meadow habitat. 





Station F, 9,700 Fr. Atrirupe 


SCIENTIFIC NAME 





COMMON NAME 


| Other Records 





Pardosa fuscula (Thorell)......| Wolf spider .| Stations E, G 
ourayensis Gertsch......| " is = ree 

Stenodema virens (Linnaeus) Leaf-bug .| Station J 
Labops hirtus Knight. . A ee 
TIN Fo occ sccckes'c | Lantern-fly . H 
Celia erratica (Sturm)?.........| Ground-beetle ou 
i a ae . ° 
Podabrus piniphilus (Esch.) . Cantharid beetle 
Hipusdutnie etineenianel 

Kby. ae Lady-bird " 
Chironomus sp................| Midge.... — + 
Dolichopus sp... . ae eo Long-legged fly : ‘ft L 
Rhamphomyia sp..............| Dance-fly 3 | Stations H, I, L 
Lonchaea sp... aan | Lonchaeid fly 
Pelina truncatula Loew......... Shore fly ccccececes ss Oeneen T 
MII 55s caecseccsaca | be L 
Lamproscatelia sp. teat e Stations H, I 
I 355: cic ca ecre snes Frit " | Station L 
Cordilura vierechi Cress.........| Dung ” | 
eee Kelp " | Stations I, K 
Phaonia monticola Mall...... .. Muscid fly | Station I 
Dolerus piercei Roh.?..........| Sawfly 
Amauronematus sp............. = Stations G, H 
Bufo woodhousii Girard. .......| Woodhouse toad 
Thomomys fossor Allen......... Colorado pocket gopher 
Microtus mordax mordax Cantankerous meadow 

| eer | mouse 
Zapus princeps princeps Rocky Mountain jumping 

PN a dipa oree ter dekeaten mouse 

*Immature. 


In this habitat winds were light, and indeed the 
area is protected from all except easterly winds by 
adjacent forest. Light varied, of course, with the 
amount of cloudiness, but even in full sunlight was 
greatly reduced in the shade of sedges only 10 ins. 
high. 

The vegetation is dominated by coarse sedges and 
grasses; willows form islands along the edges of the 
marshy meadow. Hummocks support grass and a 
few forbs while sedges grow in the lower, often sub- 
merged areas between. Marsh marigold (Caltha 
rotundifolia) globe flower (Trollius albiflorus) and 
the marigold buttereup (Ranunculus calthaeflorus ) 
bloom in June, followed a little later by less con- 
spicuous violets, erucifers and cinquefoils. 

At Trails Divide Lake, a little more than a quarter 
of a mile south of the university camp, wet meadow 
was in a later stage of succession. Here climax for- 
est enclosed a small meadow much drier than that 
just described. In the center a little open water still 
resisted the invading swamp vegetation. Air move- 
ment was greatly reduced. The soil was a sandy 
loam, interrupted by many rocks. Wet, decaying 
logs lay on the ground where trees of the encroaching 
forest had fallen into the opening. Forbs were much 
more numerous and varied than in the larger open 
meadows so that sedges, although doubtless dominant, 
were less conspicuous. Seattered clumps of willows 
were present. Ground animals were found in great- 
est abundance under soaked, decaying logs. The 
slug, Deroceras gracilis Rafinesque var. montanus 
(Ingersoll), was found (exelusively for the study) in 
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such situations. The logs were too wet to shelter 
many kinds of animals. Wolf spiders were common. 
Mosquitoes, midges and other flies were collected 
from the moist grasses and sedges. 

The animal life was characteristic of such wet ter- 
restrial areas. Wolf spiders were abundant. Par- 
dosa fuscula breeds here; males, females and imma- 
ture individuals of both sexes were secured. The 
species was found common on very wet ground, on 
grasses, or on the open spaces of water among the 
vegetation. These animals were only less numerous 
and characteristic of the temporary pond and willow 
bog habitats, which are indeed very close both spa- 
tially and ecologically to the wet meadow area. Thus 
breeding females were taken at Sta. E and also from 
the surface of the bog at Sta. G. P. sternalis (Thorell) 
also was found only in wet situations or on water. 
Another characteristic and abundant wolf spider was 
P. ourayensis, found all years in the same places and 
at approximately the same dates. Both sexes and 
various ages were present, as well as egg-sacs. In 
1936 breeding females were collected on July 7. Like 
P. fuscula it oceurs at other stations, but not always 
under moist conditions. There are late June records 
of breeding females at the temporary pond station, 
and also willow bog records. Immature specimens 
were taken from various places in the alpine meadow, 
usually on damp ground among grasses or under 
cattle droppings; one was on the shore of Class Lake 
at an elevation of 11,000 ft. 

Two abundant insects in sweep and other collections 
from wet meadow flowers and similar vegetation were 
undetermined lanternfly nymphs (Delphacinae) and 
the lady-bird beetle, Hippodamia quinquesignata. 
The first appeared also in sweep collections from 
vegetation on the dry rocky slopes at about the same 
time. Both breed here, as judged by the presence 
of immature stages and copulating adults. Many 
flies add to the list of characteristic species. Most 
numerous were Lonchaea, the frit fly, Oscinella, the 
kelp fly, Fucellia and the midge, Chironomus. The 
first was taken by sweeping in 1933; it did not ap- 
pear, however, in subsequent collections. Oscinella 
appeared in the spruce-fir forest also, but sparingly. 
The year 1933 seemed to be a very favorable one for 
Fueellia; it was not only abundant in the wet mead- 
ows, but was found in the alpine meadow and also 
was flying in numbers in the lodgepole forest about 
the middle of June; by the middle of July its num- 
bers had sensibly diminished. Midges swarm in this 
habitat, and were taken by sweeping from grass 
along the stream and from other places early in July 
of the last two years of the study. Pupae were col- 
lected from the adjacent swift waters (Sta. B). 
Early in July, 1936, specimens of the ecantharid 
beetle, Podabrus piniphilus, were taken, and a little 
later it was abundant on grass and shrubs; it is, 
however, incidental here. 

Other characteristic insects, but fewer in number, 
were the leaf-bugs, Stenodema virens and Labops 
hirtus, the ground-beetles, Celia erratica and Harpa- 
lus, and the sawflies, Dolerus piercei and Amaurone- 
matus. Stenodema virens appeared in sweep eol- 
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lections in 1933 and 1936; a few were also swept 
from the leaves of lower limbs in the aspen subclimax 
(Sta. J). Labops hirtus was collected only in the 
wet meadows. Celia erratica appeared mainly in this 
habitat, but was also taken from under rocks in the 
dry alpine meadow. The field data for Harpalus are 
similar. Dolerus piercei was often found resting on 
Caltha, and appeared in collections made by beating 
bushes. The same applies to Amauronematus, but 
this sawfly was found occasionally in sweeping both 
willow bog and rocky areas. 

Several flies claim a lesser place in the list of 
prevalent species; the most conspicuous were the 
long-legged fly, Dolichopus, the danee-fly, Rham- 
phomyia, the shore flies, Pelina truncatula, Scatella, 
and Lamproscatella, the dung fly, Cordilura vierechi, 
and the muscid Phaonia monticola. Long-legged flies 
referable to the genus Dolichopus appeared not only 
in the wet meadow collections, but also in those from 
adjacent forest areas; these were all found in moist 
places, as usual. The dance-fly Rhamphomyia also 
occurred in a number of local habitats; specimens 
were taken from dry grass meadows and from spruee- 
fir forests. It appeared in a collection taken in 1935 
from rocky areas near the look-out station on Medi- 
cine Bow Peak. Of the shore flies, Pelina truncatula 
was swept from the grass of the flooded meadows 
along the stream, and also from adjacent drier grass 
meadows; the same applies to Lamproscatella, but 
this was taken also in rocky and tundra areas on 
Medicine Bow Peak. Oscinella was collected from 
spruce-fir forest, but in the vicinity of water. Cor- 
dilura vierechi came from sweeping the partly flooded 
grass areas, and Phaonia monticola from vegetation 
at Trails Divide Lake, as well as being captured in 
flight and on vegetation in the alpine grassland areas. 

Other arthropods noted included the spider Dras- 
sodes and various insects. Immature individuals of 
the former were found among vegetation, and also 
in drier situations under rocks on Medicine Bow 


Peak. Aphodius sp. was present under horse-drop- 
pings. The leaf hopper Deltocephalus (abdomi- 


nalis?}) was abundant in sweepings, as was the big- 
eyed fly Pipuneulus, whose larvae are parasitic on 
leafhoppers (Comstock 1924). The syrphus-fly Eris- 
talis temporalis Th. was a characteristic frequenter 
of flowers, feeding on pollen and nectar; it also ap- 
peared in the alpine grassland community. 

The vertebrate list is limited. Males and females 
of the Woodhouse toad Bufo woodhousii were breed- 
ing in wet depressions, but not in abundance. The 
drier parts were inhabited by a pocket gopher, prob- 
ably Thomomys fossor, whose workings were com- 
monly observed. Runs and nests of meadow mice 
(Microtus mordax mordax? ) indicated use of this area 
in the later part of the summer and in winter under 
the snow. The mammal most commonly noted was the 
Rocky Mountain jumping mouse, Zapus princeps 
princeps, which was captured among rank herbage 
every year of the study. 

The animals tested for behavior gave such results 
as might be expected from those occupying an open 
and moist habitat. Positively thermotaxie species 
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were Pardosa fuscula, P. ourayensis, the delphacine 
lantern-flies, Hippodamia quinquesignata and Eris- 
talis temporalis; positively hydrotaxie were Pardosa 
fuscula and Celia erratica, the former especially so; 
Pardosa ourayensis was tested also for phototaxie 
behavior, reacting negatively. 


Wittow Bog ComMuNITY 
(Station G, Table 9, Figure 5) 


Although there are some limited examples of wil- 
low bog in the immediate vicinity of the stations pre- 
viously dealt with, a special study was made where 
this biome occupies a considerable area on the head- 
waters of Blepharicera Creek, at an elevation of 
10,300 feet. This area, probably an old lake bed, 
shows in various parts stream, pond, typical bog and 
wet meadow conditions, the whole surrounded by 
spruce forest. Through it runs a creek, and a definite 
current can be detected in the open stretches of 
deeper water through the center of the bog. Over 
the typical bog areas hummocks of vegetation alter- 
nate with open water. There is little indication that 
true meadow will be formed as succession progresses 
to the climax spruce (Picea engelmannii) forest. 





Fig. 5. Willow bog habitat. 


Most of the environmental data for this habitat 
have been given in a previous table. The turbidity 
of the water was medium. At the time when col- 
lecting was done the humidity was low, despite the 
amount of water present in the substratum. Wind 
movement was 393 ft. per min. Full light of 8,800 
ft. candles was reduced to 5,100 ft. candles in the 
shade of vegetation. 

The most abundant vegetation consists of coarse 
sedges. These extend from hummocks for some dis- 
tance into the open water. Clumps of willow bushes 
occur on “islands” or hummocks, which they are en- 
larging and building up out of the water. In some- 
what drier places shrubby and herbaceous cinquefoils 
(Potentilla spp.) are abundant, and stunted spruces 
occur. The most conspicuous plant is P. fruticosa 
with its yellow blossoms. 

Animal life was most obvious in the water among 
the sedges. Minute crustaceans appeared to be the 
most abundant forms, especially cladocerans. Scap- 
holeberis mucronata was extremely abundant in 1936 
in both large and small boggy pools. In shallows 
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TABLE 9. Prevalent animals of willow bog habitat. 





Station G, 10,500 Fr. AutrrupE | Other Records 





SCIENTIFIC NAME COMMON NAME 


Mesostoma arctica Hyman -.| Planarian 
Scapholeberis mucronata (O. F. =f 
Muller) Water flea 
Simocephalus cotulus (O. F. = | 
Muller)....... * , | 
Eurycerus lamellatus (O. Fr. a 
a are es a | 
Cyclops bicuspidatus Claus. . Copepod | 
Tetragnatha extensa (Linnaeus). .| Spider | 
NM ices caicecees tics ees Water-strider | 
Aphalara sp............. Jumping plant-louse | 
Trioza maura Forst............ | - os 
varians Crawf..........| ” ™ | 
Psylla americana var. minor ‘2s 
SS SSN Tere 
Rhantus sp........... | Predacious diving-beetle | 
MIO. 5 sd cca ston | Water-scavenger beetle 
| 


Schoenomyza sp................ | Muscid fly Station F 





among the sedges were Simocephalus vetulus and 
Eurycerus lamellatus. Here also was found the 
copepod Cyclops biscuspidatus. The planarian Me- 
sostoma arctica also appeared in numbers in these 
sedgy shallows. Nymphs of the water-strider Gerris 
were abundant on the surface of all the small bodies 
of water scattered through the bog. In 1936 chiro- 
nomid larvae and pupae swarmed in these waters. 
Larvae of the predacious diving-beetle Rhantus and 
the water-scavenger beetle Hydrobius were found also 
in the shallows among vegetation. Fish, probably 
young trout, were seen in the deep, open water. 

The terrestrial animal life was less conspicuous. 
The spider Tetragnatha extensa spun its threads be- 
tween the emergent plants. In the air adult mos- 
quitoes were numerous and characteristic, as was the 
muscid Schoenomyza which was taken by sweeping 
here and from the wet meadow station at about the 
same period. But the most important insects, both 
in numbers and variety, were jumping plant-lice. 
Trioza varians was obtained by sweeping bushes; 
these chermids feed exclusively on plant juices, and 
their presence here was doubtless due to the vegeta- 
tion arising from the bog and to some extent because 
of the dampness of the air. They were perhaps 
migrants from the adjacent spruce forest, but this 
seems less likely. The same conditions governed the 
occurrence of 7. maura, Aphalara and Psylla ameri- 
cana var. minor. 


Rocky SLopeE COMMUNITY 
(Station H, Table 10) 


A steep, rocky slope lies a half mile east and 
north of the camp, facing west. The bare surface of 
boulders and smaller rocks supplies little soil and 
even this, an accumulation of rock particles and 
scanty organic debris, lies only in erevices. Seat- 
tered prostrate logs of fair size, without a vestige of 
bark, indicate that the climax trees of the area were 
cleared off by fire many years ago; local tradition 
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is that the Indians burned the timber when they were 
forced to leave the region shortly before 1870. The 
resulting erosion was so complete that vegetation is 
only beginning to obtain a foothold. Wind must be 
very effective on these naked slopes, but at the times 
of study it was moderate or light. Data were 
cured also from areas of bare rock at higher alti- 
tudes, around the base of Medicine Bow Peak and 
extending up to the summit. Such areas consist of 
rocks left bare after glaciation. 


se- 


TABLE 10. Prevalent animals of rocky slope habitat. 





Other Records 


Sone eS ee 
| 


Sration H, 9,875 Fr.* AutrrupE 
COMMON NAME 


SCIENTIFIC NAME 


Wolf spider. . | Stations E, F, IL 
Orb-web spider 


.| Jumping spider 


Pardosa groenlandica (Thorell)*. 
Araneus carbonarius (C. Koch)* 
Dendryphantes sp... . . . 


Erythraeus sp*.. . | Mite..... Uni aaa Aes y 
| L 

Nadabius pullus (Bollman)*....| Centipede. . J,K 

Camnula pellucida (Scudder)* . .| Clear-winged locust . Station I 

Idiocerus sp. : ..| Leaf-hopper 

Orsodachne (atra) trivittata Lec. . <r | Stations F, J 

Zeugoptera atra Fall..... - | Station K 

Euclyptus rutilus Fall? | Snout- ” 

Chorizagrotis agrestis Grt.*. . . ..| Owlet-moth. : * L 

Bibio sp. ‘ | re ee | Stations J, K, M 

Hydrina sp.*.. . . Shore Station I 

Pegomya sp.*. . . ; Muscid ” | 

Phorm ia terranovae Desvoidy*..| Flesh ” | Stations G, I, L 





Peleteria iterans (Walk.)*..... | Tachina-fly. . . ..| Station I 


Cymodusa sp.*.. . ........| Ichneumon-fly 
Formica fusca var. subaenescens | 
Emery........ ‘vs eee | Stations J, K, M 


.| Carpenter ant 
Osmia paradisica Sandhouse. .. .| Mason-bee 
Leucosticte atrata Ridgway*.....| Black rosy finch 
Anthus spinoletta rubescens | 


(Tunstall)... .... ....| American pipet 
Marmota flaviventris luteola | 
RE ’ ....| Park marmot 
Ochotoma princeps sazatilis 
EN ibkis cents conence Colorado pika 





*Some of the species were collected also from similar habitats at higher alti- 
tudes, ranging from eleven to twelve thousand feet, and some were collected only 
from such stations. 


Vegetation at the central station of Aspen Hill 
(Sta. H), except for abundant lichens on the rocks, 
was confined to erevices. The rapid run-off and 
drying winds promptly remove gathering debris and 
prevent plant development except under shelter of 
the rocks. Herbaceous plants were practically lack- 
ing. A few scattered aspens and clumps of squaw 
current, Ribes cerewm, and elderberry, Sambucus 
microbotrys, occurred. Rarely a small spruce ap- 
peared among the rocks. 

Animal life was most abundantly represented by 
spiders and ants, both the red and the carpenter 
types. The widely distributed wolf spider Pardosa 
groenlandica was present among slide rock above 
Class Lake and also on Medicine Bow Peak at the 
summit; it is found, however, in many different habi- 
tats and substratal conditions. Thus this species was 
seen on ground and vegetation in alpine grassland 
and wet meadow, where it is sometimes abundant, 
and in spruce-fir forest, as well as poised with out- 
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spread legs on the surface of temporary ponds. It 
breeds in some if not all of these areas; immature 
specimens were collected from the wet meadow. How- 
ever, the species seems most characteristic of rocky 
areas; it is a prevalent animal in rocky areas on 
Mount Ktaadn, Maine (Blake 1926), as is the orb- 
web spider Araneus carbonarius, of which specimens 
were taken from slide-rock above Class Lake during 
the present sudy. A few immature jumping spiders 
(Dendryphantes) appeared characteristic of this sta- 
tion. 

The workers of the ant Formica fusca var. su- 
baenescens were characteristic on and among the rocks 
and seanty vegetation. Their conspicuousness here, 
however, may have been due in part to the limited 
animal life found in this sterile area; they were found 
also, sometimes abundantly, in most of the terrestrial 
habitats, especially those that were more or less dry, 
In the aspen subclimax they were found in numbers 
among dead leaves on the surface, as well as in the 
soil and decaying wood. These workers were present 
likewise everywhere in the lodgepole forest, including 
the lower branches of trees to the height at which 
sweeping was possible. They were also found under 
stones in the plains grassland community. An un- 
dertermined variety of the black carpenter ant 
Camponotus herculeanus was abundant on rocks, soil 
and fallen timber; several colonies were located. 

The land snail Oreohelix cooperi was abundant 
among debris in crevices among the rocks, thus agree- 
ing with the habitat account of Henderson (1924) ; it 
is a widely distributed Rocky Mountain species and 
there are records from nearby parts of Colorado. 
Individuals appeared also in the aspen groves on 
lower Libby Creek and elsewhere. The only abun- 
dant centipede was Nadabius pullus, found in the 
shallow soil under rocks; it occurred also in similar 
spots both in wet meadow and dry lodgepole habitats. 
The March fly Bibio was observed here, in flight and 
mating on the sun-warmed rocks; it was not abun- 
dant, however, or confined to this station, for speci- 
mens were collected from the aspen and lodgepole 
subelimax communities, as well as from plains grass- 
land. A few ichneumon-flies (Cymodusa) were swept 
from the scanty vegetation. 

Some of the prevalent animals oceurred both at 
the original study area (Aspen Hill) and also on 
similar areas at much higher altitudes, and some 
were truly cosmopolitan as far as this series of sta- 
tions was concerned. Thus the mite Erythraeus was 
found here, sometimes abundantly, but both nymphs 
and adults were taken also on the banks of streams, 
under fallen logs in wet meadows, under stones in 
alpine meadows at various altitudes, in the aspen 
sub-climax and on the ground in decayed bark and 
wood of the lodgepole and spruce-fir forests. Males 
and females, some immature at the time of study, of 
the clear-winged locust Cannula pellucida frequented 
Aspen Hill and appeared also on Medicine Bow Peak. 
The same applies to the owlet-moth Chorizagrotis 
agrestis, which was present only incidentally in flight 
to vegetation. However, it occurred in great num- 
‘bers, especially in collections made from the summit 
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of Medicine Bow Peak. The flesh fly Phormia ter- 
ranovae also showed, as might be expected, a wide 
distribution among the stations; it was taken not 
only in sweepings from Aspen Hill and its vicinity 
and from the summit of Medicine Bow Peak, but 
also from alpine grass meadow and spruce-fir forest ; 
it was most abundant, however, in the collections 
made from open rocky areas. The species was taken 
in flight, resting on vegetation or on decaying mat- 
ter, to which it seems to be guided by strong chemo- 
taxis. The museid fly Pegomya (females being usually 
taken) showed a similar but more limited range of 
local distribution, not appearing in any collections 
made above Class Lake (11,000 ft.). The tachinid 
Peleteria iterans, on the other hand, was found on 
the summit of the Peak, as well as at lower altitudes. 

Other species occurred, as far as these studies were 
concerned, only at the higher altitudes. Thus the 
short-horned grasshoppers Chorthippus longipennis 
and Melanoplus dodgei (huroni Blatchley) were en- 
countered only on Medicine Bow Peak (August, 
1937) ; the latter is “a common and widely distributed 
species of the Rocky Mountain region” (Blatchley 
1920). Much the same is true of the lacewing-fly 
Chrysopa plorabunda Fitch, the jumping plant-louse 
Psylla americana Crowf., the lady-bird beetle Hype- 
raspis vittigera Lee., the shore fly Hydrina, the flesh 
flies Culliphora vomitoria nigribarba Shannon and 
Cynoma cadaverina, the flower-fly Metasyrphus mon- 
tovagus Snow, and the bifid-tongued bee Hylaeus, the 
last occurring in small numbers. Most if not all of 
these must be present at lower elevations, but were 
either overlooked or were not present or active when 
collecting was done at these stations. 

If this station were regarded as rocks exclusively, 
like rock slides, forms which are present because of 
aspens (such as the chrysomelid Zeugophora atra) 
should be omitted; however, the rocky slopes of 
Aspen Hill had a straggling population of pioneer 
aspens, whose animal inhabitants (if of sufficient im- 
portance) are included with this explanation among 
the ranks of the station prevalents. Orsodachne 
(atra) trivittata is another chrysomelid which is 
doubtless present in association with the pioneer 
vegetation, rather than as a true rocky slope preva- 
lent. A few were found feeding on Caltha in the 
wet meadow habitat and also among dead leaves in 
the aspen subelimax. The snout-beetle Euclyptus 
rutilus was found on bushes of squaw currant; this 
cureulionid owes its presence to vegetation and is, 
therefore, in a measure incidental to the rock slide 
community as such. Here were noted the leafhopper 
Idiocerus and the lantern-fly Epiptera whose abun- 
dant numphs, taken by sweeping, were in the same 
sense incidental to this habitat. The mason-bee 
Osmia paradisica was collected here also. 

Only seattered observations were made on a few 
conspicuous vertebrates. The black rosy finch, Leu- 
costicte atrata, was observed nesting on the cliffs just 
below the summit of Medicine Bow Peak in mid-July, 
1935. At the same time the American pipet, Anthus 
spinoletta rubescens, was breeding on the ridges that 
lead up to the summit. The most eharacteristie ani- 
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mal was the park marmot, Marmota flaviventris 
luteola; this animal appeared in favorable areas at 
all elevations from the lower station on Aspen Hill 
up to the summit of Medicine Bow Peak, where it 
was abundant among the rocks; it was also seen in 
rocky alpine meadow at Class Lake. The much-used 
entrances to the dens and the droppings were found 
everywhere, and the animals themselves were often 
seen as well as heard “whistling.” The Colorado 
pika, Ochotoma princeps saxatilis, was present in 
small numbers at the lower station on Aspen Hill, 
where the animals could sometimes be observed sit- 
ting among the rocks. Higher up, near Class Lake 
and among the slide rock on Medicine Bow Peak, they 
were abundant. 


ALPINE GRASSLAND COMMUNITY 


(Station I, Table 11) 


Subalpine meadow lay east of the camp, along the 
eastern side of highway 70. It was most often 
studied over a range from a quarter mile south of the 
laboratory to a half mile north of it. 


TABLE 11. Prevalent animals of alpine grassland habi- 
tat. 














Sration I, 9,850 Fr.* AurirupEe Other Records 
SCIENTIFIC NAME COMMON NAME 
Parajulus venustus (Wood).....| Millipede................ Stations J, K 
Pellenes borealis (Banks)... ... . Jumping spider 
Lygus pratensis (Linnaeus) var..| Tarnished plant-bug... ... ” F,L 
Lygaeus kalmii Stal*..........| Lygaeid bug............. Station M 
Athysanella acuticauda Bak.*....| Leaf-hopper 
Macrosiphum mentzeliae Wilson .| Plant-louse 
Harpalus fugitans Csy.?........| Ground-beetle 
Sphinz lineata Linnaeus.... . White-lined sphinx 
Vanessa cardui Linnaeus. Tortoise-shell............. Stations F, H 
pa ee ; MOIR a oii 30'S 09.0 os aioe " B, F, H; 
J, K, L 
Odontomyia similis (Johnson). . .| Soldier fly 
Tephritis clathrata (Loew)......| Fruit fly 
Hylemya cilicrura Rond.*...... Muscid fly............... Station L 
Phormia regina Meigen. . . Flesh fly 
Sarcophaga I’herminieri (Desv.) aii! Stations K, L 
Terobia ap.*..................] Chaleid-fly 
Myrmica rubra brevinodis var. 
sulcinodoides Emery : oe cleats “a F,L,M 
Formica cinerea var. canadensis 
ee : " 
Panurginus sp............ ...| Panurgid bee 
Podalonia communis (Cress.) ...| Anthophorid bee 
Bombus melanopygus Nyl.*.....| Bumblebee 
Lagopus leucurus altipetens Southern white-tailed 
IS a diene ae voaein'ae ae ptarmigan 
Buteo borealis calurus Cassin*...| Western red-tailed hawk...| Station H 
Haliaetus leucocephalus 
leucocephalus (Linnaeus)*. . .| Southern bald eagle... .... Station H 
Falco sparverius sparverius | 
eS Ee eee | Eastern sparrow hawk.... . : és 
Callospermophilus lateralis Say (mantled) ground 
. L 


lateralis ag)”. «52-5050 2% | LE Ee 





*Some of the species were collected also from similar habitats at higher altitudes, 
ranging from eleven to twelve thousand feet, and some were only from such stations. 


The soil on these southwest-facing slopes was shal- 
low and sandy, with little humus and many small 
fragments of rock. On more level areas or in de- 
pressions where water content was higher, the soil 
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was deeper and richer. In such places it supported 
a maximum development of meadow plants. 

Thus the vegetation varied with the slope exposure 
and the water content of the soil. On stony, sloping 
ground the evover was of the bunchgrass type, with 
drought-enduring forbs. The abundant rocks were 
coated with crustaceous lichens. In level, moist areas 
continuous sod furnished a fairly heavy grass cover. 
The increased water supply permitted the presence 
of many forbs which bloomed in July. Among these 
were Ranunculus spp., Allium brevistylum, Pedicu- 
laris sp., Dodecathion pauciflorum, Valariana micran- 
tha (?), Sieversia ciliata, and Pentstemon sp. Poten- 
tilla fructicosa formed a scattered shrub society. 
Encroachment by the bordering spruce trees was very 
slow. The entire area is reputed to have been for- 
ested some eighty years ago, before the fires which 
stripped much of the region. Less than ten years 
before this study, under heavier annual precipitation 
and protection from grazing, tall herbs such as 
Mertensia ciliata grew throughout much of the pres- 
ent reduced meadow. Unless stock is excluded the 
community will remain indefinitely as grassland. 

In July, 1935, alpine sedge meadow was studied at 
an altitude of 11,000 feet; this was near Class Lake, 
at the base of Medicine Bow Peak. In July, 1936, 
the community was studied at a higher altitude, near 
the peak itself. 

The soil at both stations was shallow and sandy, 
with limited humus and many rock fragments. Little 
decaying organic material was able to accumulate on 
the windswept surface. 

Vegetation was open, interspersed with patches of 
gravel and bare rock. Sedges were dominant; some 
grasses were present and a few forbs, such as Sie- 
versia turbinata. Crustaceous lichens occurred on the 
rocks. At the Class Lake station a greater number 
of forbs was observed: Saxifraga rhomboides, and 
species of Mertensia, Pentstemon, Phlox and Poly- 


gonum. Dwarfed, matted spruce and oceasional 
clumps of currant bushes interrupted the lower 


reaches of the tundra. The only signs of grazing 
were those of: sheep, and use was not heavy; the 
forage would always be insufficient for eattle. Graz- 
ing by sheep doubtless diminishes to some extent the 
amount of shelter for native animals. 

Animal life was much less abundant than in the 
subalpine meadow. The shorter growing season, 
more meager cover of vegetation and frequent strip- 
ping off of snow by wind continually expose animals 
to extreme fluctuations of temperature and humidity. 
For continuous occupation the most successful ani- 
mals appeared to be rodents and a few insects of 
brief adult existence, such as leaf-hoppers and small 
dipterans. 

Ants were remarkably few. Spiders were con- 
spicuous more for size than abundance. Huge flights 
of moths of the western cutworm crossed the peak 
in July, 1935, and specimens of the migrants were 
collected by the fire-warden. Deermice and packrats 
frequented the tundra near the lookout station; mar- 
mots and pikas were seen frequently. The white- 
crowned sparrow and the robin appeared to be nest- 
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ing in the spruce thickets bordering the tundra at 

Class Lake. Grouse breed in similar locations. 

Subalpine meadow supports insect life in large 
amount and variety. Many species in various stages 
of development winter among the grass roots. Dur- 
ing the season of activity many practice vertical 
migration daily, retreating from cold and from dry 
air. Shelter is close at hand in the crowns of the 
vegetation and in the living and dead grasses matted 
on the surface. 

During the early part of the season the mosquito 
Aédes was one of the most abundant insects of alpine 
meadow, and random sweeping rarely failed to secure 
large numbers. The insects were, however, only less 
numerous and characteristic in flight and on vegeta- 
tion at a number of other stations, such as wet 
meadows, rocky slopes, and aspen, lodgepole and 
spruce-fir forests. The presence of suitable breeding 
places in the vicinity was a contributing factor, and 
larvae and pupae were collected from nearby shal- 
low waters. The bee Panurginus was abundant in 
late July, 1935, but the most conspicuous hymenop- 
terous member of the community was the bumblebee 
Bombus melanopygus; this species was abundant 
throughout the study, in flight and on flowering forbs 
of the herb society. 

Some species attained a prominence, perhaps not 
justified by their actual numbers, because of size, 
conspicuous coloration or the habit of congregating 
in numbers in favorable situations. Thus the white- 
lined Sphinx lineata appeared in groups of a dozen 
or less, hovering over Delphinium blossoms. The 
tortoise-shell Vanessa cardui was found in flight and 
alighting on vegetation or bare ground; it was often 
taken in sweeping, both here and at the wet meadow 
station near Trails Divide Lake. The ichneumonid 
Cryptus robustus Cress. was also abundant, and nu- 
merous specimens were frequently taken at the same 
time; it occurred also in the spruce-fir forest. 

No doubt most of the species found also breed in 
this habitat. In some eases, however, there is evi- 
dence of it in the form of immature individuals, 
mating adults, et cetera. Thus the jumping spider 
Pellenes borealis, the only spider found in abundance 
in this community, furnished juvenile material as 
well as adults, both male and female; these active 
spiders sometimes appeared in sweeping collections 
but more often were found on rocks, ground or grass, 
about in the order named. They did not appear in 
collections from other stations. Nymphs as well as 
adults of a variety of the tarnished plant bug Lygus 
pratensis were taken in sweeping the grasses of the 
subalpine meadow; they occurred all three years and 
appeared also, but in lesser numbers, in -wet meadow 
and spruce-fir forest. The same applies to the bug 
Lygaeus kalmii, but the record of its occurrence in 
other stations is limited to plains grassland. Of the 
plant-lice Macrosiphum mentzeliae obtained in sweep- 
ing the subalpine meadow, some were immature. The 
soldier fly Odontomyia similis was found here on 
flowers, and some of the material was juvenile. 

Some species appeared both at the study center 
near the camp (Sta. 1) and also at higher altitudes 
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near Class Lake and thence up to Medicine Bow 
Peak. Among these may be mentioned the gnaphosid 
spider Zelotes, found’ in soil and grass at the lower 
station and also under rocks.on Medicine Bow Peak; 
only immature specimens were collected during the 
last of June and the early part of July. The leaf- 
hopper Athysanella acuticauda was found all three 
vears in sweeping collections made over alpine 
meadow; it was breeding near Class Lake (11,000 
ft.) in the middle of July, 1935, when breeding 
adults were secured. Two lepidopterans were found 
at both levels, the pyralid moth Loxostege sticticalis 
L.. and Vanessa cardui; the former was found in 
numbers at Class Lake and also in the wet meadow 
areas near camp. The muscid fly Hylemya cilicrura 
was taken at Class Lake, both from the tundra and 
in sweepings from stands of dwarf spruce; it was 
an abundant constituent of the lower subalpine 
meadow sweep collections all three years. Most of 
the specimens were females, and they were often 
taken in flight over shrubby vegetation such as 
Potentilla fruticosa or on Achillea blossoms. Much 
the same applies to Terobia, but it was less abundant, 
as was also the fruit fly Tephritis clathrata. 

Some species were found at high altitudes only: 
such were the mite Atomus, the wolf spider Pardosa 
concinna (Thorell), the eoreid bug Corizus crassi- 
formis (L.), and the bumblebee Bombus balteatus 
Dahlb. The first of these was abundant at the tundra 
station on Medicine Bow Peak in early July, 1936, 
and was also found among the rocks. P. concinna 
was not found above Class Lake, where females were 
abundant, running on the ground. C. crassiformis 
was found in numbers on forbs of the highest alpine 
tundra, and the same is true of B. balteatus. 

Some of the Iepidopterans were particularly con- 
spicuous at night, coming into the lighted laboratory 
in great numbers. This was true of the close-wing 
Crambus dorsipunctellus Kearf. and of Sphina li- 
neata. The former was abundant in the subalpine 
area, especially during periods of bright sunshine. 

As in other grassland stations, the dung of cattle 
furnished a mierohabitat around which collected a 
number of characteristic invertebrates. Some of 
these were conspicuous around the freshly dropped 
dung, to which they came for feeding or oviposition ; 
others utilized the flat cakes of dried dung as shelters 
under which they took refuge. In the first group 
were the flies Seatophaga sp., Scopeuma stercoraria 
L., Phormia regina, and Sarcophaga Vherminieri. The 
first two were abundant and characteristic species on 
the freshly deposited dung, to which they seemed to 
be attracted by chemotaxie reaction. The same ap- 
plies to the flesh flies; P. regina also appeared -in 
sweep collections. The most numerous species was 
S. Vherminieri, which was taken in flight, resting on 
rocks or vegetation and on dung, in which its larvae 
also appeared in numbers; the group is larviparous. 
This species was most conspicuous in the subalpine 
meadow, perhaps because of the abundance of cattle 
droppings there, but it oceurred also in sweepings 
taken in lodgepole and spruce-fir forests. 

Species found sheltering under dung were the 
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millipede Parajulus venustus, the ground beetle 
Harpalus, and the ants Myrmica rubra brevinodis 
var. sulcinodoides and Formica cinerea var. canaden- 
sis. The millipede named was abundant in such 
situations, and was found also under rocks and in 
rotting wood in the aspen and lodgepole areas. 
Harpalus (probably fugitans Csy.) was also abun- 
dant and characteristic under dung and on the 
ground; females were mostly taken. Of the two ants 
mentioned, the first exhibited numerous workers not 
only under cowdung but also on many kinds of sur- 
face, such as moist ground, rocks, and among vege- 
tation. The species was found also in a variety of 
other stations, including wet meadow, coniferous 
forest (where it appeared in beating collections taken 
from low growing spruce) and plains grassland, 
where workers seemed fairly abundant. F. c. var. 
canadensis, however, appeared only in subalpine and 
alpine grassland collections and was the most nu- 
merous and characteristic ant found there. Many 
workers frequented all levels in and on the ground, 
among the moist bases of plants, on projecting roeks 
and on herbage. Open blossoms, such as those of 
Pulsatilla, were frequently visited. The species also 
occurred near Class Lake, at an elevation of 11,000 
feet. 

Other abundant insects that might be mentioned 
were the black fly Simulium and the anthophorid bee 
Podalonia communis. The first usually appeared in 
sweeping the grass and foliage of the meadow, as 
well as at other stations. The second was found in 
various localities at this station, and did not appear 
elsewhere. 

The vertebrate list is limited, probably more from 
failure to make any particular attempt to secure 
specimens than because of any actual scarcity of the 
animals themselves. Ptarmigan, probably the south- 
ern white-tailed Lagopus leucurus altipetens, were 
observed. Hawks and eagles frequent the tundra for 
prey; the western red-tailed hawk, Buteo borealis 
calurus, the southern bald eagle, Haliaetus leucoce- 
phalus leucocephalus, and the sparrow hawk, Falco 
sparverius sparverius, were tentatively identified in 
flight over tundra and rock areas on Medicine Bow 
Peak. Aside from the mammals previously mentioned, 
the most conspicuous mammal of the subalpine 
meadow was the Say (mantled) ground squirrel, Cal- 
lospermophilus lateralis lateralis, and this was also 
found in the adjoining marginal forest. 


ASPEN SUBCLIMAX COMMUNITY 
(Station J, Table 12) 


Aspen subclimax oceurs four or five miles soutn- 
east of the university camp on lower Libby Creek, 
where a Forest Service campground is located. A 
smaller and younger aspen grove is developing some 
two miles northeast of the camp, on a slope a hun- 
dred yards north of Nash’s Fork. The former is a 
much more mesic community than the latter (Hanna, 
loc. cit.). 

The young aspen grove nearer the camp was 
studied in 1933 only, in June and July. It is taking 
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TABLE 12. 
tat. 


Prevalent animals of aspen subclimax habi- 





Sration J, 9,000 Fr. AutrruDE Other Records 


SCIENTIFIC NAME COMMON NAME 
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Pardosa zerampelina | 

CS RE rr | Eee Station H 
Dendryphantes marginatus 

| i eA Jumping spider 
Agulla admiza Hagen..........| Neuropteran 
Idiocerus suturalis Fh... . .| Leaf-hopper 
Carabus taedatus oregonensis 

_ | RSE: SRR ae | Ground-beetle............ Stations I, L 
CN cciarearae dyed des } . 
Calathrus ingratus Dej........ ” 

™ advena Lec.......... ” Station L 
Cymindis cribicollis Dej........ ™ 
Podabrus lateralis Lec.. . . .| Cantharid beetle.......... Stations H, I, K, L 
Ludius (Corymbites) breweri 

leon toad waane® Click-beetle 
PUR So ska veveeouness = 
Coccinella transversoguttata Fald. | Lady-bird beetle.......... ” I, L, M 
Adalia bipunctata (Linnaeus)? .. ~ ” 
Monochamus scutellatus (Say)... | Long-horned beetle... .... ’ I, L 
Phytodecta americana Schffr.....| Leaf-beetle............... - _L 
Stratiomys laticeps Loew... . . . .| Soldier-fly 
Psilocephala sp..............-. I iocig anne Senne Station K 
Chloropisca glabra Meigen......| Frit fly 
Helemya setiventris Coq... . EI, xatwcbinenkes : L 
Amblyteles longulus (Cress.).....| Ichneumon-fly........... | . : 





Myrmica rubra brevinod is 
Emery subsp............ | Ant 


Camponotus herculeanus var.....| Carpenter ant........... Stations H, I, 





whymperi Forel K,L 
Petrochelidion albifrons 

albifrons (Rafinesque).... .. | Northern cliff swallow 
Dendroica auduboni auduboni 

(Townsend)............... Linnie ’s warbler 


Sialia currucoides (Bechstein). . . | Mountain bluebird 
Neotoma cinerea orolestes Colorado bushy-tailed 
(Merriam). . . wood rat 








possession of a fairly steep slope which was cleared 
of climax forest by fire many years ago. Old spruce 
logs, with no vestige of bark remaining, lie on the 
ground. The soil is rocky loam, thinly covered by 
aspen leaves and twigs. When observed, even as late 
as the middle of July, it was still moist from the 
melted snow. The tree trunks apparently hold deep 
drifts of the winter’s snowfall. 

Vegetation consisted of the dominant aspens of 
small tv medium size, aspen saplings in various young 
stages,-a~few small rose bushes and a scanty growth 
ofsherbs.and grasses. A few conifers, mostly lodge- 
pole pine, indicate that the aspen will be of compara- 
tively short supremacy. The stand is too small to 
maintain -itself against encroachment. 

The mature forest of aspen grows where lower 
Libby Creek forms a relatively broad, flat valley two 
or three miles northwest of the town of Centennial. 
Beside the stream lies a strip of bare, alluvial flood- 
plain. The soil under the aspens is sandy loam with 
considerable humus. Leaves and twigs form a defi- 
nite forest litter. Rotting coniferous logs, obviously 
long on the ground, add to the debris. 

Vegetation in the mature forest is dominated by 
the comparatively dense growth of large aspens. 
Many are 8 or more inches in diameter and 25 to 30 
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feet in height. Scattered lodgepole pines and a few 
small spruce trees are present. The shrub layer 
consists of abundant aspen saplings. At herb level 
grow still younger aspens and scattered rose bushes 
and dwarf junipers (J. communis). Oregon grape 
(Berberis aquifolium) and wild strawberry grow on 
the ground. Herbs, largely confined to the irregular 
openings where light is not reduced by the forest 
canopy, include a few sedges and grasses, lupine and 
purple clematis (C. douglasii). 

Streamside forests have advantages for develop- 
ment over trees in more exposed situations. After 
fire had thoroughly stripped this area of spruee, 
aspen seedlings sprang up throughout. They grew 
so rapidly and uniformly that the other invader of 
fire clearings, lodgepole pine, was largely excluded. 
Grazing has been very light and will probably con- 
tinue negligible. The presence of scattered young 
lodgepole and spruce indicates that the valley will 
gradually regain its coniferous climax of spruce. 

The animals listed in this paragraph were all com- 
paratively abundant in the community. The wolf 
spider Pardosa xerampelina was characteristic of the 
ground society at the lower Libby Creek station; 
only females were taken. A few immature indi- 
viduals of this species were found under rocks on 
Medicine Bow Peak in early July. The cantharid 
beetle Podabrus lateralis appeared in sweeping and 
beating collections from all strata of vegetation, 
herbs, shrubs and aspen saplings, but it is not con- 
fined to this community; a specimen was taken in the 
lodgepole forest and another from a stand of dwarf 
spruce near Class Lake, at an elevation of 11,000 
feet. The lady-bird beetle Coccinella transversogut- 
tata was abundant at the shrub level, and a few were 
on the ground; a few also appeared in subalpine 
grassland, on Medicine Bow Peak, on the lower 
limbs of conifers in the spruce-fir forest, and even 
on the sagebrush plains at the foot of the mountains. 
Thus the ecological distribution is wide, as is the 
geographical range of this species. The long-horned 
beetle Monochamus scutellatus seemed also charac- 
teristic, both here and in the coniferous forest; a 
stray specimen came from alpine grassland. The 
one beetle apparently specific to aspen was the black 
larva of Phytodecta americana; this chrysomelid, 
feeding in large numbers on the foliage of all the 
aspens, was collected both in 1935 and 1936, and 
specimens were reared on fresh aspen leaves. It was 
not recorded for the smaller, windswept aspen station 
of 1933. Adults were also characteristic, usually 
obtained by beating aspen saplings of young growth, 
but sometimes resting on other vegetation or on the 
ground. A few were taken from the lower limbs of 
conifers in the spruce-fir forest, and one specimen at 
high altitude near Class Lake. The soldier-fly Stra- 
tiomys laticeps occupied several of the lower strata 
of vegetation, including flowering forbs and shrubs 
and aspen saplings up to the height at which sweep- 
ing was possible. The muscid fly Hylemya setiventris 
was another dipteran collected from the leaves of 
lower limbs of trees, and in flight; it also oceurred 
in spruce-fir forest. Ants, both red and black, were 
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found in abundance in rotting logs. Myrmica rubra 
brevinodis subsp. was a characteristic ant, breeding 
in the ground; its mounds had been cleared of small 
sticks. Still more conspicuous was the carpenter ant 
Camponotus herculeanus var. whymperi, whose col- 
onies and workers were found in and under rotting 
logs; it occurs, however, in most of the stations where 
conditions are at all suitable for its peculiar activities. 
Thus colonies and individuals were found in spruce- 
fir and lodgepole forests, and in subalpine meadow 
and rocky areas; in the last two cases the slowly 
decaying trunks of the former forest furnished the 
required materials for abode. 

The following species, like some of those named 
above, appeared to breed in this area. Leaf-hoppers 
were always found; nymphs of Jdiocerus suturalis 
were characteristic on the aspen leaves, from which 
they were swept in numbers between the ground and 
the two-foot level of saplings. Ground beetles were 
collected only at the larger, older aspen grove. Adults 
and larvae of Carabus taedatus oregonensis were 
found in rotting wood and moist soil near water; a 
few were recorded from spruce-fir forest and there 
is one record from subalpine grassland. The click- 
beetles were represented in the community by Ludius 
(Corymbites) brewert and Elater sp. The adults of 
the first named were secured by beating shrubs and 
saplings; larvae were found in the lower strata. 
Elater also came from rotting wood and some of the 
material was juvenile. The lady-bird beetle Adalia 
bipunctata also yielded material to beating of shrubs 
and young aspens. The long-horned bettle Leptura 
was present in some numbers in this community, and 
larvae were found in rotten wood. The predaceous 
larva of the stiletto-fly Psilocephala also occupied 
decayed wood, and adults were secured by sweeping 
shrubs and other low vegetation; a few specimens 
were collected also from the lodgepole forest. The 
frit fly Chloropisca glabra appeared in sweeping 
collections and pupae, apparently belonging to this 
group, were collected. 

The lower strata, especially under logs, et cetera, 
harbored a characteristic animal society. Here were 
found the ground-beetles C. t. oregonensis, Cryobius, 
Calathrus ingratus, and C. advena. The first of these 
has been mentioned already; the other three were 
found only in this community, with the exception of a 
single specimen of C. advena, collected from under a 
log in the spruce forest. C. ingratus sometimes 
ascended the lower vegetation. The cantharid beetle 
P. lateralis also sometimes took shelter under rotten 
logs. Here too were found the larvae of the stiletto- 
fly Psilocephala and workers of the large black ear- 
penter ant C. h. var. whymperi, both previously 
discussed. 

Other invertebrates of the aspen area were the 
jumping spider Dendryphantes marginatus (mostly 
males), beaten from shrubs and low trees. Some 
grasshoppers (Cyrtacanthacrinae) were found, as was 
the neuropteran Agulla admixa. Damselflies (Coena- 
grioninae) at both aspen stations were doubtless due 
to the nearby creeks. The ground beetles Bembidion 
funereum Lee. and Cymindis cribicollis were found, 


the former in moist soil, the latter sometimes on low 
plants. A few ichneumon flies (Amblyteles.longulus ) 
were swept from vegetation. Land snails, although 
few, occurred in the relatively deep, moist ground 
eover at both stations. 

During two years field experiments were conducted 
on the behavior of selected animals to stimuli of the 
kinds naturally encountered in their habitats. Nega- 
tive thermotaxis was displayed by the workers of the 
carpenter ant C. h. whymperi and the larvae of the 
click-beetle Ludius (C.) breweri; the ant M. rubra 
brevinodis, on the other hand, was positive to the 
same temperature. Adults of the lady-bird beetle 
C. transversoguttata, the cerambycid Monochamus 
scutellatus, and the chrysomelid Phytodecta ameri- 
cana all gave photopositive reagtions. In contrast, 
the substratal larvae of the elaterid L. (C.) breweri 
and the therevid Psilocephala both gave photonega- 
tive reactions, while they reacted positively to mois- 
ture. Thus it will be seen that there is evidence of 
responses correlated with the strata where the animals 
are found at different stages in their life histories. 

A few notes only were made on the vertebrates. 
Birds of lower elevations evidently nested in the 
larger aspen forest; only swallows, warblers and 
thrushes were seen. Swallows, probably the northern 
cliff swallow, Petrochelidion albifrons albifrons, were 
observed in flight; there are rocky walls in the vi- 
cinity, affording suitable nesting places. Warblers, 
supposed by field identification to be Dendroica audu- 
boni auduboni, sang continuously in the tops of the 
trees during June. The mountain bluebird, Sialia 
currucoides, was seen on several occasions, as was the 
western robin. A Fremont squirrel was observed 
occasionally. The only mammal of which particular 
note was made was the mountain rat Neotoma cinerea 
orolestes, which frequented rocky areas and aban- 
doned buildings in the aspen belt on the lower slopes 
of the mountains. No trapping was done for mice, 
but doubtless they occur. The slender, exposed trees 
of the younger aspen stands were less useful, prob- 
ably, for nesting birds than for accumulation of 
ground cover for small mammals. 


LopGEPOLE PINE Forest COMMUNITY 
(Station K, Table 13) 


Mature lodgepole forest was studied in a stand 
several acres in extent, about a mile and a half south- 
east of the university camp, at a point lying south of 
the highway near Libby Falls. 

The soil was a shallow, sandy loam, poor in humus. 
Water content was good through June, from reten- 
tion of melted snow; it was low by mid-July. Pine 
needles covered the ground thickly. Many logs from 
old burns were present, in an advaneed stage of 
deeay. ; 

Vegetation was dominated by the even stand of 
mature lodgepole pines (Pinus murrayana). Most 
of the trees were about eight inches in diameter and 
well over thirty feet high. Both shrub and herb 
strata were conspicuously absent. A few coniferous 
saplings were growing at normal shrub level. The 
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TABLE 13. 


Prevalent animals of lodgepole pine forest 
habitat. 





Sration K, 9,500 Fr. Aurirupe Other Records 


COMMON NAME 


SCIENTIFIC NAME 


Linotaenia fulva (Sager) . Centipede Station L 


Pardosa mackenziana (Keys.) Wolf spider. . Stations F, H, I, J, 
L, M 

Pterostichus inornatus Bland Ground-beetle 

Ludius carbo (Lec.) Click-beetle | Station L 

Simulium decorum Walk. Black fly 

Sciara sp. Dark winged fungus gnat. .| Stations F, H, I, J, 
| L 

Psilocephala sp. Stiletto fly .| Station J 


Megaselia sp. Hump-backed fly 





Hylemya sp. Muscid fly Stations F, H 
Hydrotaea unispinosa Stein = = - LL 
Jeurgus sp. Ichneumon-fly.... . ...| Station L 
Tapioma sessile Say... ... PRIS cre Kaseasies ecwunes = M 
Formica sanguinea subsp. 

subnuda Emery .| Blood-red slave-maker.... . ~ L 
Formica sp. (rufa group).......| ANt..........00000eeeees Stations I, L 
Camponotus herculeanus var... . Carpenter ant............ ” F, H, I, 

modoc Wheeler | I, L 
Peromyscus maniculatus osgoodi 

RS vec vsiésstdevcusseal Osgood white-footed mouse 


light was too poor for healthy development of young 
lodgepoles. Spruce saplings, however, looked thrifty. 
Where the ground sloped to the northwest dwarf 
juniper (J. communis), grouse-berry (Shepherdia 
canadensis), and the low, widely distributed bilberry 
(Vaccinium scoparium) grew scantily. Arnica sp. 
and a few grasses were also present. On the south- 
east slope practically no understory existed except 
a few young lodgepoles. 

Animal life was conditioned by reduction of light, 
dryness, and consequent lack of shrubs and _ herbs. 
Most collections were made from beneath or inside 
rotting logs. Ants were the most numerous inverte- 
brates found, with spiders second. The ant Tapioma 
sessile was abundant among the dry needles on the 
forest floor; evidence of breeding was found. Work- 
ers of this ant were also on the ground at the plains 
grassland station. Another abundant ant was the 
red slave-maker, whose workers were found during 
two years of the study; they ranged from rotten logs 
up to the lower pine branches, whence they were col- 
lected by sweeping. Sometimes they were noted for- 
aging, carrying dead insects, et cetera. They also 
oceurred on the ground and in logs of the spruee-fir 
forest, but in smaller numbers. A colony with.pupae 
represented an undetermined formicid of the rufa 
group, of which seattering individuals were taken 
also in sweeping alpine grassland and in the spruee- 
fir. The most conspicuous if not the most abundant 
ant was the carpenter ant, Camponotus herculeanus 
var. modoc, found everywhere among forest floor 
debris and around deeaying wood, in whieh it was 
breeding. It cannot be called characteristic of this 
habitat, however, for it appeared in greater or less 
numbers at many Thus a stray fe- 
male was swept from wet meadow, and individuals 
were taken from herbage in the alpine meadow and 
even found on slide rock. But its prineipal habitat 


other stations. 
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was, of course, the various forest stations, and per- 
haps it belongs as much to the spruce-fir community 
as to that of the lodgepole pine, although the collee- 
tions hardly justify this. Its burrows were found in 
the dead and punky wood of logs, and one queen and 
several winged males were collected. It was more 
conspicuous but probably less numerous in open 
spaces in the forest. Some occurred in the aspen 
subelimax on the ground among stones and dead 
leaves on the lower limbs. 

The abundant spiders were all referable to the wolf- 
spider Pardosa mackenziana. They oceurred in all 
three years of the study, and males, females and 
juveniles were taken, the last during the earlier part 
of the season. Females with egg-saes were noted the 
latter part of June. Everywhere in the lodgepole 
area, from fallen logs on the forest floor to pine 
branches six feet or more above the level of the 
ground, these active spiders were found. The species 
is the most abundant one throughout the greater part 
of the stations in this series, and there are few ter- 
restrial habitats where it does not appear. In wet 
meadow, males and females were seen on the damp 
black soil around the edges of the ponds. On rocky 
areas adults and young were found among the rocks 
as well as on small shrubs growing between them. 
Alpine grassland furnished many specimens, both 
from the areas around the camp and from the vicinity 
of Class Lake at a much higher altitude. In aspen 
forest it oceurred both in and on the ground among 
dead leaves and stones. Numbers also appeared in 
the spruce-fir on the ground, under logs and at vari- 
ous levels above, including clumps of low spruce. 
Two specimens were taken from plains grassland in 
1935. Thus it will be seen that this spider is well 
distributed throughout the series of stations, and ean 
hardly be ealled particularly characteristic of any. 
Its conspicuousness in the lodgepole may be, in facet, 
‘rather apparent than real, and due to the relative 
seareity of other invertebrates, making the spiders 
seem to assume an importance in the community to 
which they are not entitled. Their entire indifference 
to great moisture differences between habitats is very 
noticeable. 

The most abundant insects of the upper strata were 
the dark-winged fungus gnat Sciara, Cecidomyidae, 
the hump-backed. fly Megaselia, and the museid fly 
Hydrotaea unispinosa. The first of these was taken 
both in flight and among the seanty grasses and low 
forbs; it oceurred also in the wet meadow, rocky 
slope, alpine grassland, aspen subeclimax and spruce- 
fir communities, always in very small numbers. Gall- 
gnats also were found flying on herbage, as was 
Megaselia. H. unispinosa appeared abundantly in 
sweeps made over low bushes; one specimen was cap- 
tured in the subalpine grassland and several in the 
spruce-fir climax. 

Ground-dwellers other than ants and spiders were 
present in smaller numbers; they ineluded millipedes, 
such as Parajulus venustus (Wood), the centipede 
Linotaenia fulva, and the greund-beetle Pterostichus 
inornatus. L. fulva appeared also in eorresponding 
strata in the spruce-fir forest. The ground-beetle 
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named was charaeteristically a low stratum inhabi- 
tant of the lodgepole, being found under logs, et 
cetera, although it occasionally ascended to higher 
levels. It was not taken at any other station. 

The air and branches yielded relatively few insects; 
Lepidoptera, mainly Geometridae but including the 
moth Plutella sp.; the black fly Simulium decorum, 
the stiletto fly Psilocephala, and the muscid Hylemya; 
and some Hymenoptera, Tenthredinidae, but also the 
ichneumon-fly Isurgus. Plutella in the larval stage 
was feeding on vegetation. The black fly named was 
found in June during two years of the study, and 
was not collected elsewhere, although it doubtless 
oceurs. The muscid fly Hylemya occurred on lower 
branches, and also taking shelter under logs, et cet- 
era; it was eaptured in small numbers from wet 
meadow and from subalpine and alpine meadows, at 
the central study area and the high altitude station 
near Class Lake, respectively. Isurgus was rare here, 
and also in the spruce-fir forest. 

Other invertebrates which constituted a less im- 
portant part of the community were the spring-tail 
Tomocerus; the firefly beetle Eros aurora Hbst.; and 
the click-bettles Ludius carbo and L. montanus 
Brown, the former represented by both adults and 
immature material; it also occurred in the spruee-fir 
forest. All these were found in decaying logs, on the 
whole the most favorable microhabitat found in this 
consocies. 

Birds were not apparent, although mountain chick- 
adees were seen and heard in the treetops. Rodents 
noted included the Say (mantled) ground squirrel 
and the western chipmunk. The most common mam- 
mal was the Osgood white-footed mouse, Peromyscus 
maniculatus osgoodi; an empty nest under a decayed 
log showed the adaptability of the owner in its com- 
position of flakes of rotten wood. 

Behavior experiments gave results which might 
have been expected from animals which mostly oe- 
cupied the lower strata. Thus Linotaenia fulva was 
thermonegative, hydropositive, and photonegative ; 
Pardosa mackenziana was thermonegative and photo- 
negative; Pterostichus inornatus was distinctly photo- 
negative, but gave no striking orientation in either 
thermotaxis or hydrotaxis experiments. Camponotus 
herculeanus var. modoc was thermonegative and pho- 
tonegative, but like Pterostichus gave conflicting 
results in moisture experiments. It was also very 
responsive to chemical stimuli, as food, et cetera. 


SPRUCE-FIR ForREST COMMUNITY 
(Station L, Table 14, Figure 6) 


The spruce-fir, the climax vegetation of the region, 
was studied most extensively in an area about 400 
yds. south of the university camp, not far from the 
hank of Nash’s Fork. In 1933 records and smaller 
collections were taken also at somewhat later dates 
in two spruce communities bordered by meadows. 
One of these was a half mile northwest of the eamp, 
the other, on Nash’s Fork, 100 yds. west of the eamp; 
= of these supplementary studies were made early 
in July. 





Fic. 6. Laboratory at edge of spruce-fir forest habitat. 


The soil was darker in color and inches deeper than 
that in the lodgepole forest. It was sandy loam with 
raw humus of imperfectly decomposed needles and 
bark. The soil of the two other stands studied in 
1933 was less deep and more rocky. Decaying logs, 
long prostrate on the ground, were characteristic of 
all spruce areas. 

The vegetation of this climax association was dom- 
inated by Engelmann spruce (Picea engelmannii) 
mixed with small amounts of alpine fir (Abies lasio- 
carpa). In the dryest spruce stand a very few lodge- 
pole pines were seen. Unless fire interrupts the 
course of succession, they are destined to disappear 
with the inereasing shade of the expanding spruce 
forest. No definite shrub or herb stratum existed 
under the reduced light of the spruce canopy. Seat- 
tered spruce saplings grew at shrub level. Grouse- 
berry (Shepherdia canadensis) was reported in the 
most exposed parts of the forest. The low-growing 
bilberry, Vaccinium scoparium, was the most widely 
distributed ground plant. The glacier lily, Ery- 
thronium parviflorum, was the most conspicuous herb. 
A few sedges and grasses also occurred. Beside the 
stream marsh marigold, Caltha rotundifolia, and globe 
flower, Trollius albiflorus, were found. 

KXrummholz, matted stands of dwarf Engelmann 
spruce at the upper limits of tree growth, was studied 
near Class Lake on the lower slopes of Medicine Bow 
Peak, at an elevation of 11,000 ft. The observations 
were made in connection with those on tundra in 1935 
and 1936. The soil was raw humus from imperfect 
decomposition of spruce needles, wood and small 
amounts of herbaceous and animal remains, lying in 
dense shade at low temperatures. The gravel and 
sand characteristic of the tundra soil were somewhat 
mixed with this humus. At 10:00 a.m. on July 11, 
1935, with overeast sky and very light wind, the air 
registered 64° F., the soil 41.5° F. On July 8, 1936, 
air temperature was 69.5° F., soil temperature 47.5° F. 
The relative humidity was 26%. Full sunlight of 
10,000 foot-eandles and a moderate wind of 602 ft. 
per min. were recorded in the open. Animal life 
was more abundant than on adjacent tundra. The 
reduction in wind velocity and in the intensity of 
mountain sunlight offered less severe conditions for 
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TABLE 14. 
tat. 


Irvine H. BLAKE 


Prevalent animals of spruce-fir forest habi- 





Sration L, 9,800 Fr. AurirupE 
SCIENTIFIC NAME COMMON NAME 








Other Records _ 








Sciurus fremonti fremonti | 
Audubon and Bachman 

Erethizon epizanthum 
epizanthum Brandt | 

Lepus bairdi bairdi Hayden | 


Cervus canadensis canadensis 
(Erxleben) . . : 

Odocoileus hemionus hemionus | 
(Rafinesque) 


Fremont chickaree. 


Yellow-haired porcu 


Linotaenia fulva (Sager) Centipede... .. | Station K 
Oabius blakei Chamberlin a | Stations J, K 
Globipes sp. : Harvestman 
Gnaphosa gigantea Basulies | Gnaphosid spider . | Station K 
Orodrassus coloradensis (Emerton) Ks " ai K 
Microneta sp. Linyphiid 
\Araneus sp... . . Orb-web 
Philodromus meals 
Keyserling. . | Crab-spider. . ..| Stations H, K 
Xysticus locuples Keyserling? met 
Cicurina robusta Simon. .......| Funnel-web spider... ... ag i= 
Pardosa uintana Gertsch . Sf ne ie H, J 
ES rere .| Spring-tail 
Siphlonurus occidentalis Eth.?...| Baetid mayfly 
Nemoura sp........ "hace Stone-fly 
Pterostichus longulus ie. ave vata | Ground-beetle............ = I 
Anthobium sp.. . ..| Rove-beetle.............. | Stations I, J 
Trichochrous sp.? | Melyrid beetle 
Pytho planus Hbst.. . ; | Pythid bark beetle 
Ludius resplendens (Esch.)... . .| Click-beetle 
Asemum atrum Esch.. . . | Long-horned beetle 
Acmaeops pratensis (Laich.) 4 ” Station J 
” proteus (Kby.)....... | ” ™ 
Syneta carinata (Mann.). . .| Leaf-beetle Tae 
Chorizagrotis auziliaris Grt.... . | Owlet-moth............ Stations H, I, K 
Hysterosia aureoalbida 
Walsingham... . | Phaloniid 
Tipula sp. oie | | Typical crane-fly 
Pericoma sp...... E | Moth fly 
Tabanus sonomensis O. S. ...| Horse fly 
Psilocephala amplifrons Cole. . ie Stiletto fly 
Syrphus amalopsis O.S..... s Flower 
Hylemya spiniventris Coq... .. J Muscid = 
CR suivant anak edneceeol ad Stations F, H, J 
Pasnunes sp. “a .| tot sawfly 
Dolerus neocaprilis dense 
Es ada rng tiiua Typical 
x edideedetven nen ° 
Nica erties cowevic Ichneumon-fly 
PIR occ ciokcoowvsxances _ Station K 
Formica fusca var. neorufibarbis | Ant...............000005 Stations F, H 
Emery I,J 
Vespula norvegica var. 
norvegicoides Sladen........| Wasp...........2.--0005 ” 2a 
Epeolus sp............- Cuckoo bee 
Asyndesmus lewisi Gray ....... Lewis's woodpecker 
Perisoreus canadensis capitalis 
cid. hase ..| Rocky Mountain jay 
Nucifraga columbiana (Wils. ). ..| Clark's nutcracker 
Spinus pinus pinus (Wils.).....| Northern pine siskin 
Zo notrichia leucophrys 
leucophrys (Forst.).........| White-crowned sparrow 
Junco caniceps (Woodh.) Gray-headed junco........ Station F 
Penthestes gambeli gambeli 
BNE ois ikaw cricket Mountain chickadee..... . . a 
Corthylio calendula cineraceus Western ruby-crowned 
Pe : kinglet 
Hylocichla guttata auduboni 
(Baird)... .. . Audubon's hermit thrush 
Turdus migratorius propinquus 
Ridgw.. Western robin............ a! ae 
Myotis carissima Themes. Yellowstone bat 
Martes caurina origenes (Rhoads)| Rocky Mountain marten 
Muatela sp. Weasel 
Eutamias minimus oubep. Western chipmunk....... Stations I, K 





_,| Station K 


pine 


Rocky Mountain snowshoe | 


rabbit 


| American wapiti 


Mule deer 
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delicate or soft-bodied invertebrates. The inereased 
humus and moisture content of the soil presented 


better living conditions for ground-dwelling animals, 
The mechanical barriers of the stout twigs and 


branches furnished defence from predators for all 
kinds of animals. Ants (Formica fusca neorufibar- 
bis), spiders (including Philodromus alascensis), and 
harvestmen were collected from the ground. On the 
sunny day in 1936 a considerable number and variety 
of dipterans and ichneumon flies were swept from 
the spruces and willow bushes. As mentioned when 
treating of the tundra, birds nested in the krumm- 
holz; white-crowned sparrows, Zonotrichia leucophrys 
leucophrys, and western robins, Turdus migratorius 
propinguus, were noted in 1935 in flight from their 
nests. While not specifically observed, undoubtedly 
sanctuary was given to grouse and to many rodents, 

Animals of the climax forest were varied; many 
were found in or under rotting logs. They ineluded, 
in order of numbers observed, the ant Formica fusca 
neorufibarbis, the spiders Orodrassus coloradensis, 
Microneta and Pardosa wintana, larvae of the beetles 
Trichochrous, Pytho planus, and Elater, the ground- 
beetle Pterostichus longulus, the centipedes Lino- 
taenia fulva and Oabius blakei, and the mite Ery- 
thraeus. The ant mentioned was one of the most 
abundant animals; the workers were found ranging 
stratally from among the spruce needles on the 
ground to the coniferous branches overhead, and alti- 
tudinally from the lower stations up to the tundra 
and rocks on Medicine Bow Peak, where they were 
also very numerous. The species occupied various 
situations, wet as well as dry, colonies with pupae 
being found in wet meadows, subalpine meadows and 
aspen thickets, as well as in the other habitats named. 
Of the three spiders listed, the gnaphosid OQ. colora- 
densis occurred in sheltered places at the lower sta- 
tions; only females were secured. A single specimen 
came from the lodgepole forest. The linyphiid spider 
Microneta was less common and was usually found 
in moist situations; most of the material was imma- 
ture. The wolf spider Pardosa uintana was abundant 
in the spruce forest at lower levels, being found gen- 
erally in the lower strata; it’ appeared also, but in 
smaller numbers, in the aspen and slide rock commu- 
nities. Of the beetles mentioned, the melyrid Trichoch- 
rous was abundant and active in the lower strata; the 
pythid bark-beetle Pytho planus was an abundant 
and characteristic larva in very wet rotting logs and 
beneath the bark of fallen trees on the damp under- 
side. In similar situations but less abundantly were 
found the larvae of an Elater, perhaps nigripus. A 
few ground-beetles, referable to Pterostichus longulus. 
were found on the ground and under rotted logs in 
the spruce forest during July; a single specimen was 
taken from subalpine grassland. A few specimens 
of the centipede Linotaenia fulva were noted in dead 
this species was found also in the lodgepole 
area. A more abundant member of this group was 
Oabius blakei; this lives and breeds in deeayed logs, 
under debris, et cetera, not only in the habitat under 
discussion but in subalpine meadows and aspen and 
lodgepole subelimax forests. Some of the material 
was juvenile. The mite Erythraeus was characteristic 
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and several adults were taken in clusters on bark, 
under logs, and in similar places. Doubtless mites 
were more abundant than they appeared, owing to 
the absence of quantitative collecting by sifting for- 
est floor debris. 

Flying insects of wide ranges of habitat, such as 
Lepidoptera, Diptera, and Hymenoptera, were more 
numerous than in the lodgepole forest. Their in- 
creased numbers were due probably to the higher 
relative humidity of the air and to the proximity of 
streams and ponds. Under favorable conditions the 
owlet-moth Chorizagrotis auxiliaris swarmed in the 
forest and was taken in flight and from where it had 
retreated under logs, rocks, and like shelters. It ex- 
tended up to Medicine Bow Peak, and appeared also 
flying in lodgepole forest and subalpine grassland. 
The phaloniid Hysterosia aureoalbida was collected 
also in the study area, 

The most abundant fly was the muscid Helina, 
which was found in numbers in thickets of young 
spruce; females alone were taken. Some specimens 
appeared in wet meadows near Trails Divide Lake, 
among the aspens, and up to the rocky areas on 
Medicine Bow Peak. Another muscid taken in the 
spruce-fir was Hylemya spiniventris. Sweeping in 
moist areas, and collecting around lights at night gave 
some erane-flies of the genus Tipula. The stiletto 
fiy Psilocephala amplifrons was swept from low 
branches of conifers, and its larvae were collected 
from rotting logs in the spruce forest. Other dip- 
terans in the spruce-fir community were the moth 
fly Pericoma, taken by sweeping near water; the 
horse fly Tabanus sonomensis; and the flower fly 
Syrphus amalopsis. 

The flying hymenopterans were represented by the 
xyelid sawfly Pleuroneura, collected by sweeping and 
beating spruce and fir branches; the typical sawfly 
Dolerus neocaprilis konowi; undetermined sawfly lar- 
vae (Nematinae), some taken from blossoms of Caltha 
rotundifolia; the ichneumon-flies Eechthrus and Isur- 
gus; the wasp Vespula norvegica norvegicoides, of 
which a few also appeared in subalpine and plains 
grassland; and the cuckoo bee Epeolus. 

Other characteristic invertebrates of the commu- 
nity include the harvestman Globipes, which was 
abundant on the ground and low vegetation; imma- 
ture material was collected in early July. The 
gnaphosid spider G. gigantea was represented also 
mainly by juvenile specimens; one individual came 
from the lodgepole forest, being found in moist debris 
under a rotten log. Several specimens of the orb-web 
spider Araneus were observed together and collected, 
but all were immature. The erab-spiders Philodromus 
alascensis and Xysticus locuples were present; these 
were taken by sweeping low branches for the most 
part, and males, females and young of the former 
species were collected from rocky areas near the 
lookout station on Medicine Bow Peak. A single 
female was collected from the dry duff on the floor 
of a mixed forest of lodgepole pine and spruce, a 
few feet from one of the moraine ponds. The funnel- 
web spider Cicurina robusta was another species 
which was found in several forest stations, including 


aspen and lodgepole, but seemed most typical of the 
Engelmann spruce. It breeds in all the habitats 
named, and occupies all strata from the ground up 
to shrubs and low trees. 

Various insects, less abundant than those previ- 
ously named, deserve some mention as constituents 
of the community. These include the spring-tail 
Isotoma (Fichter, loc. cit.); the rovebeetle Antho- 
bium, also occurring in smaller numbers at the sub- 
alpine grassland and aspen stations; the elick-beetle 
Ludius resplendens; the long-horned beetles Asemum 
atrum, Acmaeops pratensis, and A. proteus, the sec- 
ond being found but less abundantly in the aspen 
subclimax; and the leaf-beetle Syneta carinata, of 
which some were swept from branches near Swastika 
Lake and Nash’s Fork, and a few from grass and 
flowers in the wet meadow habitat. 

Incidental to the climax community are a number 
of insects whose immature stages occupy aquatic 
habitats but whose winged adults are found, some- 
times in great numbers, in the forest population. An 
example is the baetid mayfly Siphlonurus occiden- 
talis, which fairly swarmed on July 16, 1933. The 
juvenile forms are found in temporary ponds near 
Trails Divide Lake and elsewhere in suitable habitats 
in the forest. Possibly the presence of this ephem- 
erid among the species of primary importance is 
sufficient to indicate that this terrestrial habitat has 
more moisture than any except the wet meadow. 
This might be indicated further by the presence of 
adults of the stone-flies Nemoura and Alloperla bore- 
alis, as well as those of the long-horned leaf-beetle 
Donacia wallisi. A. borealis was commonly taken 
by sweeping in the spruce-fir anywhere in the vicinity 
of water and the same applies to Nemoura; the 
naiads are prevalent animals of the swift-water com- 
munities. The larvae of Donacia wallisi are con- 
stituents of the moraine pond community of this 
series. 

The list of vertebrates is more extensive than that 
of any previous community, but is based wholly on 
field determinations instead of specimens; it is be- 
lieved, however, that the observations are substan- 
tially correct. A Lewis’s woodpecker, Asyndesmus 
lewisi, was identified in 1936 on Sheep Mountain, an 
isolated mass rising from the Centennial valley east 
of the central study area; Knight (loc. cit.) -eites 
Grinnell on the presence of this bird in the Medicine 
Bow. The Rocky Mountain jay, Perisoreus cana- 
densis capitalis, was seen likewise, and a single 
Clark’s nuteracker, Nucifraga columbiana, was ob- 
served in the tree tops, where also the mountain 
chickadee, Penthestes gambeli gambeli, was charac- 
teristic; song records, but probably correct, indicate 
that this last bird is a common denizen of the lodge- 
pole forest. The northern pine siskin, Spinus pinus 
pinus, is also probably present, although the identi- 
fication was imperfect. Early in July, 1933, the 
white-crowned sparrow, Zonotrichia leucophrys leu- 
cophrys, was nesting at the border of the spruce 
forest and willow bog habitats; a singing male and 
nest were found. Perhaps the most characteristie 
bird was the gray-headed junco, J. caniceps; nests 
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were found in the forest and in the grass at the mar- 


gin of the wet meadow, one abandoned with four 
young nearby. The western ruby-crowned kinglet, 


Corthylio calendula cineraceus, was frequently heard 
in June, as was a hermit thrush, presumably Audu- 
bon’s, Hylocichla guttata auduboni. The western 
robin, Turdus migratorius propinquus, was observed 
especially at the edges of the mountain 
it also appeared in the aspen subelimax 


in trees, 
meadows ; 
forest. 

Mammals included a bat, probably Myotis caris- 
sima. The Rocky Mountain marten, Martes caurina 
origenes, was observed in 1935; undetermined weasels, 
Mustela, were seen running about the camp. An 
abundant and characteristic rodent in the timber was 
the western chipmunk, Eutamias minimus; this animal 
oceurred also, but apparently in smaller numbers, 
among rocks in the subalpine grassland and around 
fallen logs in the lodgepole forest. The Fremont 
chickaree, Sciurus fremonti fremonti, was another 
characteristic rodent, as was the yellow-haired poreu- 
pine, Erethizon epixanthum epixanthum. The for- 
mer left much “sign” in the form of large heaps of 
cone seales marking the feeding places; a few of 
these animals were found in the lodgepole area. The 
poreupine appeared to be scarce during the years 
of the study. The Rocky Mountain snowshoe rab- 
bit, Lepus bairdi bairdi, was found all through this 
community, and its droppings indicate that it ven- 
tures out to feed at night in adjacent areas, even on 
the exposed rocky slopes. Large game was repre- 
sented by the American wapiti, Cervus canadensis 
canadensis, and the mule deer, Odocoileus hemionus 
hemionus. The first were seen only on the Sheep 
Mountain game reserve, where a young bull, several 
cows and a ealf in the spotted coat were seen a little 
past the middle of July in 1936. Deer, usually does 
and fawns, but onee two bucks in the velvet, were 
not uncommon in the study area. 

Behavior experiments were confined to inverte- 
brates of the lower stratal societies; the following 
results were obtained: Linotaenia fulva, photonega- 
tive and hydropositive; Oabius blakei and Elater 
nigripus (?), thermonegative, photonegative, and 
hydropositive; Cicurina robusta and Formica fusca 
neorufibarbis, thermopositive. These results agree 
fairly well with the stratal distribution of the species 
tested. 


PLAINS GRASSLAND COMMUNITY 
(Station M, Table 15) 


Shortgrass plains were studied between five and 
ten miles east of Centennial in late June of 1935 and 
1936. The habitat was closely comparable to the 
shrub desert studied at about the same time. In 
1935 shortgrass plains were observed briefly also in 
the middle of July, at a point two miles north « 
Centennial. 

The soil was light-colored sand of very low humus 
content. Dead grass stems furnished an appreciable 
amount of shelter and some debris for humus for- 
mation. 


IrvinG H. BLAKE 


TABLE 15. 
tat. 


i rol neers 
ol. 


15, No 


Prevalent animals of plains grassland habi- 





Sration M, 7,000 Fr. AutrrupE 





SCIENTIFIC NAME 
Titanoeca americana Emerton... 
Lithyphantes corollatus (L.) 
Araneus gemmoides Chamberlin | 

and Ivie... 
Acrolophitus hirtipes hirtipes 
(Say) 
Aeropedellus duute (Thos.) 
Anabrus simpler Hald. 
Arphia sp. 
Brunneria brunnea (Thos.) 
Circotettiz rabula rabula 
meee e....... 
Cratypedes neglectus (Thos.) 
Psoloessa delicatula 
delicatula (Sc.) 
Spharagemon equale (Say) 
Trimerotropis campestris MeN. 
Xanthippus corallipes leprosus | 
Sauss. . 
Amara veustutviate Dei. 
Philophuga amoena (Lec.).... . 
Cymindis planipennis Lec. , 
Necrophorus marginatus Fabr. . 
Cantharis simplex Lec... . ‘ 
Brachyacantha albifrons (Say)... 
Hippodamia parenthesis (Say) . 
Coccinella novemnotata Hbst. 


transversoguttata 
nugatoria Muls. 
Eleodes carbonaria (Say).......| 
"  obsoleta (Say) 
tricostata (Say) 
extricata (Say) 
hispilabris (Say) var. 
Embaphion contusum Lec. 
Blapstinus sp... . 
Xyletinus fucatus Lec...... 
Canthon praticola Lec.? . 
Serica anthracina Lec... ..... 
Cryptocephalus confluens Say.... 
Trirhabda lewisi Cr... . 
Disonycha latifrons Schffr. 
Hyperodes sp. 
Heligmineura sp. 
pe a ee | 
Hypoderma Nate De Vill. 
Lasius niger var. 
Formica ciliata Mayr. 
" — fuscu var. argentea 
Whir..... 
Formica oreas var. comptula 
While... 
Formica rufa obscuripes Forel. . . | 
Podalonia argentifrons (Cresson) 
Megachile wyomingensis Mitchell! 
Otocoris alpestris leucolaem1 | 
(Coues)..... 
Pica pica hudsonica (Sab.) 
Corvus brachyrhynchos hesperis 
Ridgway. . 
Rhyncophanes mccownii 5 awe: ).] 
Pooecetes gramineus confinis 
Baird ‘ 
Spilogale tenuis Sewell. 


os 
| 


| 
Tazidea tarus tarus (Schreber) 
| 


Canis latrans subsp... . . | 
Citellus elegans (Kennicott)... . . | 
Cynomys ludovicianus 
ludovicianus (Ord) 
Thomomys talpoides clusius 
(Coues). . - : | 
Lepus éiiieion smite 
(Mearns) 


COMMON NAME 
Dictynid spider 


| Comb-footed spider 


Orb-web spider 


Grasshopper 
Short-horned grasshopper 


| Grasshopper 


Band-winged locust 
Grasshopper 


Band-winged locust 


Short-horned grasshopper. . 


” ” 


Mottled sand locust 
Short-horned grasshopper 


Grasshopper 
Ground-beetle 


” 


Burying-beetle 
Cantharid beetle 
Lady-bird " 


Death-watch beetle 
Tumble-bug 
Lamellicorn beetle 
Leaf-beetle 


” 


Snout-beetle 
Assassin fly 
Fruit fly 


| Bot fly 
| Field ant 


Ant 


Black ant 


| Ant..... 


| Anthophorid bee 


Leaf-cutter bee 


Desert horaed lark 
American magpie 


Western crow 
McCown’s longspur 


.| Western vesper sparrow 


Rocky Mountain spotted 
skunk 

Common badger 

Coyote 

Wyoming ground squirrel 
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Vegetation was very open, but short bunchgrasses 
and sedges frequently formed small areas of sod. 
Species identified from the region were wheat grass, 
Agropyrum tenerum, June grass, Koeleria cristata, 
blue grama, Bouteloua gracilis, Carex stenophylla 
(?), and-C. filifolia. Sagebrush grew seatteringly. 
Prickly pear, Opuntia, and barrel cactus, Echino- 
cereus, were present. Several widely distributed 
genera were represented by cushion- and mat-forming 
species, such as Phlox bryoides, Astragulus calycosus 
(?), Eriogonum crassifolium, and a few composites. 
These forbs constituted a vernal society which 
bloomed in early June. By the date of study they 
existed merely as drying vegetative structures. 

Northern shrub desert and sagebrush plains were 
studied in late June of 1935 and 1936, about a mile 
northeast of Sheep Mountain. The soil appeared to 
be almost pure sand and gravel. Little organic debris 
could be accumulated under the winds on the bare 
plain. The humus which formed was rapidly oxi- 
dized in the intense sunlight and drought. Aside 
from the seanty vegetation, the only ground cover 
consisted of clumps of dead stems of grass and sage, 
small rocks and eattle droppings. Vegetation was 
of the very open desert type. The dominant sage- 
brush, Artemisia tridentata, was low in stature. Char- 
acteristic of dry plains was the species of yellow- 
brush present, Chrysothamnus vaseyi. Grasses, most 
conspicuously wheat grass in late June, assumed the 
bunch habit. Prickly pear, in blossom at the time 
of study, attracted most of the flying insects observed. 
The false mallow, Malvastrum dissectum, was in 
bloom also. Cushion species of sandwort, Arenaria, 
and phlox oceurred. The weedy Artemisia frigida 
was increased in abundance by overgrazing. The 
strong light, low relative humidity of the air, and 
complete absence of water for long distances, all 
restricted animal life. Among invertebrates grass- 
hoppers of the family Aecrididae and mound-building 
ants were the most numerous. The former infested 
low vegetation of all kinds. They were represented 
by Acrolophitus hirtipes hirtipes, Brunneria brunnea, 
and Xanthippus corallipes leprosus, the first abun- 
dant also in the sagebrush area nearer the mountains; 
the band-winged locusts, Arphia and Circotettix ra- 
bula rabula, the former being all juvenile material; 
and the short-horned grasshoppers, Aeropedellus cla- 
vatus and Trimerotropis campestris, the first extreme- 
ly abundant on the ground and low vegetstion, and 
both mainly immature at the time of collecting. The 
ants erected their mounds around and over clumps of 
prostrate sagebrush. Workers of the field ant, Lasius 
niger, were abundant and several colonies were seen; 
other formicid types were numerous. Beetles were 
represented by forms with heavy wing-covers, such 
as tenebrionids; Blapstinus was collected here, and 
the cantharid C. simplex, the latter under cattle drop- 
pings. More abundant than at the shortgrass sta- 
tion were chrysomelids and coccinelids. Three species 
of the former were prevalent, Cryptocephalus con- 
fluens, Trirhabda lewisi, and Disonycha latifrons. 
The lady-bird beetles were Brachyacantha albifrons, 
Hippodamia parenthesis, Coccinella novemnotata, and 


C. transversoguttata nugatoria. H. parenthesis was 
found also in a variety of other stations, such as 
lodgepole forest and the rock and tundra areas on 
Medicine Bow Peak. C. novemnotata appeared on 
the Laramie Plains, and a few specimens of C. t¢. 
nugatoria occupied the aspen subclimax which ad- 
joins the sagebrush station. A few medium sized 
dipterans, such as syrphids, and many culicids were 
swept from the grasses and sage. The bot fly, Hypo- 
derma lineata, was abundant, often resting on vege- 
tation. Spiders of several families were found, usu- 
ally under rocks. Birds and mammals were observed 
more readily than in habitats with thicker ground 
cover. The desert horned lark was abundant on the 
sagebrush plains, and a nest with three eggs was 
found. In flight were MeCown’s longspur, Rhyn- 
cophanes mcecownii, and the western vesper sparrow, 
Pooecetes gramineus confinis; Knight (loc. cit.) re- 
fers to the abundance of these three birds on the 
plains. The diggings of the badger, Taxidea taxus 
tacus, were common and one young animal was 
seen. Rodents included the Wyoming ground squir- 
rel, whose holes were among the sagebrush, and the 
black-tailed prairie-dog, whose many workings dot 
the plains. The Great Plains jack rabbit was found 
here, as were several of its “forms” under the sage- 
brush. 

The grassland fauna was very similar to that of 
the shrub desert. Overgrazing and trampling by 
range cattle had broken the sod and reduced the vege- 
tation until the area strongly resembled the desert 
habitat. The most abundant invertebrates were or- 
thopterans, such as the short-horned grasshoppers 
Cratypedes neglectus and Psoloessa delicatula delica- 
tula, and the mottled sand locust, Spharagemon 
equale; ground-dwelling tenebrionid and lamellicorn 
beetles, such as Eleodes extricata and Serica anthra- 
cina; the fruit fly Acicurina; and mound-building 
and other ants, including Formica fusca argentea, F. 
oreas comptula and F. rufa obscuripes. Of the grass- 
hoppers named, C. neglectus yielded abundant speci- 
mens of both sexes; it is not confined to this habitat, 
but was found on the sagebrush plains and even in 
alpine areas on Medicine Bow Peak. P. d. delicatula 
was also abundant, and some of the material was 
juvenile. A single specimen was collected from the 
aspen subclimax forest near lower Libby Creek; thus 
it probably occurs in the intervening sagebrush areas. 
The nymphs of S. equale were extremely abundant 
in June in the shortgrass area, and only less so on 


the sagebrush plains. Of the beetles, HE. extricata: 


was found under rocks and cow droppings, as were 
also its larval forms. Another characteristic beetle 
was S. anthracina, taken at the mouths of rodent 
burrows. Acicurina was ordinarily taken in beating 
low vegetation, not only on the Laramie Plains but 
also in the sagebrush area. Workers of the ants 
listed above were abundant and characteristic on the 
ground and grass; F. 0. comptula was found also in 
colonies on the rocky slopes near the central camp. 
F. r. obscuripes had many colonies on the sagebrush 
plains, the mounds often having twigs on top; a 
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single specimen was taken from the ground in the 
aspen subelimax forest. 

Several spiders were included among the inhabi- 
tants. The diectynid Titanoeca americana was col- 
lected under rocks, as well as from rotten logs in the 
lodgepole forest; only females appeared. The comb- 
footed spider Lithyphantes corollatus was found un- 
der rocks and cattle dung, as was the orb-web spider 
Araneus gemmoides, of which all the material was 
very young. 

Large tenebrionids were very conspicuous, although 
not abundant. They often were found just inside 
the openings of rodent burrows, especially during 
cloudy periods. They ineluded Eleodes carbonaria, 
E. hispilabris, and E. tricostata, which were also 
found under rocks, eattle droppings and the like, 
as was Embaphion contusum. In the absence of 
other shelter, dried cowdung supplied cover for a 
number of ground-living insects. Aside from those 
already mentioned, were the ground-beetles Amara 
remotestriata, Philophuga amoena, and Cymindis 
planipennis, as well as the characteristic darkling 
beetle Eleodes obsoleta, of which a single specimen 
was taken in the aspen subclimax on Libby Creek. 
The Scarabaeidae were represented by a few tumble- 
bugs, Canthon praticola. Under rocks was found the 
snout-beetle Hyperodes. 

Large flying dipterans, such as syrphids, were nu- 
merous, and the assassin fly Heligmineura was col- 
lected. Leaf-cutter bees, Megachile wyomingensis, 
were abundant on cactus flowers and other vegetation 
on the Laramie plains. The anthophorid, Podalonia 
argentifrons, were few in numbers but were constant 
constituents of the community, and usually found at 
rest on the ground; the species oceurs also in the 
subalpine grassland. Bees and wasps were not seen 
at the sagebrush plains station, but are probably 
present. Even adults of the water-requiring Odonata 
were observed in flight over the plains. 

Other invertebrates collected on the Laramie Plains 
were the grasshopper Anabrus simplex, the ptinid 
beetle Xyletinus fucatus, and the ant Formica ciliata. 
The burying beetle Necrophorus marginatus was 
found on the strongly alkaline mud-flats about Bam- 
forth Lake. 

Fewer birds and mammals were seen than at the 
sagebrush station, although this was probably for- 
tuitous. Desert horned larks, Otocoris alpestris leu- 


TABLE 16. 


Arachnida 
Araneida 
Anyphaenidae 
Anyphaena sanivana Chamb. (J) 
Clubionidae 
Agroeca sp. (L) 
Micaria montana Emerton (J) 
Dictynidae 
Amaurobius sp. (1) 
Dictyna vincens Chamb. (F) 
Dictyna volucropes Keys. (1) 
Gnaphosidae 
Zelotes subterraneus Koch (F) 
Linyphiidae 
Lephthyphantes sp. (K) 
Linyphia hespera Chamb. (L) 
Lycosidae 
Lycosa gulosa Walckenaer (L) 
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-olaema, were numerous on the shortgrass plains. 
American magpies, Pica pica hudsonica, and a few 
western crows, Corvus brachyrhynchos hesperis, were 
observed. Mammals noted were the coyote, Canis 
latrans, of which the weathered braincase of a young 
individual was picked up; characteristic rodents such 
as the abundant Wyoming ground squirrel, Citellus 
elegans, the black-tailed prairie-dog, Cynomys ludo- 
vicianus ludovicianus, and the Coues pocket gopher, 
Thomomys talpoides clusius, the holes and mounds of 
the first two being numerous; and the Great Plains 
jack rabbit, Lepus californicus melanotis, of whieh a 
specimen was found dead and whose signs were fre- 
quent. The Rocky Mountain spotted skunk, Spilogale 
tenuis, probably oceurs here, although it was not 
seen. 

Three species from this dry habitat were selected 
to test for behavior in a moisture experiment; the 
ants F. f. argentea and F. r. obscuripes, as well as 
the beetle X. fucatus, gave hydronegative reactions. 
The orientation of these insects was in reference to 
a gradient of moisture in the substratum. Weese 
(1919), working with animals (Eleodes and Phryno- 
soma) taken from similar xerie habitats, found slight 
response to gradients in the evaporating power of 
air, save as this factor was correlated with differences 
in temperature. 


MISCELLANEOUS INVERTEBRATES 
(Table 16) 


Considerable numbers of arthropods were collected 
and in part identified, but not included among the 
lists and discussions given previously. Most of these 
animals were not numerous or conspicuous, and in 
some instanees specific habitat data are lacking. 
However, in the interest of future workers in this 
area or regions of the Rocky Mountains adjacent, it 
has seemed worth while to include a list of this ma- 
terial and the habitats (when known) where it was 


collected. It adds a number of species to the fauna 
of the Medicine Bow and extends northward the 


ranges of others previously described from Colorado 
but not from Wyoming. The same, of course, is true 
for some of the animals treated in the body of the 
paper. The station letters, in parentheses following 
the species names, are the same as those employed 
previously; O indicates that the particular eommu- 
nity where the species occurred was not recorded. 


Miscellaneous arthropods of Medicine Bow region. 


Micryphantidae 
Eperigone taiba Chamb. and Ivie (L) 
Oedothorax sp. (G, I) 
Salticidae 
Phidippus johnsoni (Peckham) (H, L) 
Theridiidae 
Theridion sp. (L) 
Thomisidae 
Ebo sp. (L) 
Thanatus coloradensis Keys? (H) 
Tibellus oblongus (Walckenaer) (L) 
Xysticus apachecus Gertsch? (L) 
Xysticus montanaensis Keys. (F) 


Acarina 


Trombididae 
Trombidium maculatum C. W. Howard (F) 
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TABLE 16. Miscellaneous arthropods of Medicine Bow region (Continued). 


Insecta 
Orthoptera 
Acrididae 
Arphia conspersa Se. (F, H) 
Chorthipprs curtipennis (Harris) (F) 
Oedomeridae 
Calopus angustus Lee. (1) 
Tettigoniidae 
Ceuthophilus utahensis Thos. (K) 
Neuroptera 
Hemerobiidae 
Micromus montanus Hagen (0) 
Plecoptera 
Perlidae 
Capnia sp. (F) 
Thysanevtera 
Thripidae 
Taeniothrips sp. (J) 
Hemiptera 
Anthocoridae 
Anthocoris melanocerus Reut. (1) 
Coreidae 
Corizus lateralis (Say) (1) 
Corixidae 
Arctocorixa sp.? (E) 
Gerridae 
Gerris nyctalis D. and H. (F) 
Lygaeidae 
Eremocoris ferus (Say) (L) 
Geocoris sp. (1) 
Nysius ericae (Schill.) (F, I, J) 
Miridae 
Capsus ater (L.) (1, L) 
Lygus nigropallidus Knight (L) 
Miris dolobratus (L.) (1) 
Plagiognathvs sp. (J) 
Pentatomidae 
Eurygaster alternatus (Say) (F, I) 
Perillus bioculatus (Fabr.) (L) 
Trichopepla atricornis Stal (F) 
Scutelleridae 
Eurogaster shoshone Kirk (1) 
Homoptera 
Chermidae 
Arytaina rebesiae Crawf. (1) 
Cicadellidae 
Aceratogallia arida Oman (I, L) 
Agallia sp. (1, J) 
Macrosteles divisus (Uhl.) (1) 
Fulgoridae 
Ciaius sp. (1) 
Delphacodes sp. (1) 
Oliarus franciscanus (Stahl)? (F) 
Coleoptera 
Alleculidae 
‘Mycetochara sp. (1) 
Buprestidae 
Melanophila drummondi (Kby.) (L) 
Byrrhidae 
Byrrhus pilula L.? (J) 
Cyrtilus alternatus longulus Csy. (F) 
Carabidae 
Bembidion dyschirinum Lec. (1) 
Bembidion praecinctum Lec. (F) 
Carabus taedatus agassii Lec. (L) 
Celia gibba Lec.? (I, L) 
Harpalus montanus Lec. (1) 
Nebria trifaria Lec. (L) 
Platynus piceolus Lec. (I, J) 
Cerambycidae 
Callidium hesperum Csy. (I, K) 
Cyllene caryae Gahan (L) 
Neoclytus caprea (Say) (L) 
Rhagium lineatum Oliv. (O) 
Stenocorus obtusus Lec.? (1) 
Chrysomelidae 
Chrysomela montevagrans Lec. (1) 
Graphops marcassitus Cr. (O) 
Luperodes sp. (1) 
Phytodecta rufipes F.? (J) 
Cleridae 
Enoclerus sp. (L) 
Hydnocera subfasciata Lec. (I, M) 
Trichodes ornatus Say (1). 
Coccinellidae 
Psyllobora viginti-maculata (Say) (J) 


Curculionidae 
Eyimechus sp. (L) 
Peritaxia rugicollis Horn. (O) 
Pissodes schwarzi Hopk. (O) 
Rhinocus sp. (F) 
Scythropus elegans (Couper) (K) 
Trichalophus simplex Lec. (O) 
Dytiscidae 
Agabus tristis Aubé (E) 
Elateridae 
Cryptohypnus impressicollis Mann. (F) 
Cryptohypnus nocturnus lucidulus Mann. (F, J) 
Gyrinidae 
Gyrinus picipes Aubé (D) 
Gyrinus pleuralis Fall (D) 
Melyridae 
Dasytes hudsonicus Lec. (H, I, L) 
Mordellidae 
Anaspis rufa Say (I, J) 
Oedemeridae 
Calopus angustus Lec. (I, M) 
Scarabaeidae 
Aegialia lacustris Lec. (I, L) 
Aphodius fimetarius (L.) (1) 
Dichelonyx sp. (K) 
Scolytidae 
Dendroctonus engelmanni Hopk. (L) 
Hylurgops sp. (F) 
Silphidae 
Necrophorus pvstulatus melsheimeri Kby. (1.) 
Silpha lapponica Hbst. (L) 
Staphylinidae 
Philonthus sp. (1) 
Tachinus elongatus Gyll. (1) 
Lepidoptera 
Arctiidae 
Arctia sp. (L) 
Apantesis williamsi Dodge (L) 
Isia isabella A. and G. (F) 
Gelechiidae 
Gelechia lugubrella Fabr. (H) 
Geometridae 
Acidalia ancellata Hist. (L) 
Xanthorhoe sp. (J) 
Hesperidae 
Hesperia sp. (1) 
Lycaenidae 
Phaedrotes piasus daunia Edw. (0) 
Plebeius aquilo rustica Edw.? (1) 
Plebeius icarioides lycea Ddv. (K) 
Noctuidae 
Anarta cordigera Thun. (lL) 
Autographa californica Speyer (1) 
Melicleptria sp. (1) 
Nymphalidae 
Aglais milberti Godt. (1) 
Brenthis freija tarquinina Curt. (F) 
Euphydryas anicia Dbldy. and Hew.? (1) 
Vanessa caryae Hbn. (1) 
Papilionidae 
Papilio glaucus L. (O) 
Papilio multicaudata Kby. (0) 
Parnessius smintheus Dbldy. and Hew. (1) 
Pieridae 
Ascia (Pieris) rapi pallida Se. (F) 
Colias eurytheme amphidusa Edw. (1) 
Euchloe ausonides coloradensis Edw. (F) 
Euchloe creusa Dbidy. (F) 
Eurymus sp. (1) 
Plutellidae 
Plutella maculipennis Curt. (F, L) 
Pterophoridae 
Pyralidae 
Crambus dimidiatellus Grt. (O) 
Megasis sp. (O) 
Pyla sp. (1) 
Satyridae 
Coenonympha ochracea Edw. (1) 
Erebia epipsodes Butl. (F, I) 
Oeneis chryxus Dbidy. and Hew. (L) 
Tortricidae 
Diptera 
Agromyzidae 
Agromyza pisilla Meig. (1) 
Napomyza sp. (1) 
Phytomyza sp. (F, I, L) 
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TABLE 16. 


Asilidae 
Cyrtopogon sp. (K) 
Lasiopogon sp. (L) 
Machimus sp. (K) 
Scleropogon sp. (M) 
Bombylidae 
Systoechus vulgaris Loew (1) 
Villa sp. (M) 
Borboridae 
Borborus equinus Fall. (1) 
Leptocera sp. (F) 
Cecidomyidae 
Chamaemyidae 
Chamaemya juncorum Zett. (1) 
Chloropidae 
Chlorops sp. (1) 
Meromyza americana Fitch. (1) 
Conopidae 
Dolichopidae 
Hydroyphorus sp. (K) 
Rhapium (Porphyrops) sp. (¥, 1) 
Empidae 
Empis sp. (1) 
Iteaphila orchestris Melander (i) 
Platypalus sp. (L) 
Helomyzidae 
Acantholeria sp. (1) 
Pseudoleria sp. (1) 
Metopiidae 
Euaraba sp. (H) 
Sarcophaga peniculata Parker (hk) 
Sphenometoypa cochlei Tws. (1H) 
Muscidae 
Cordilura fasciventris Curran (1 ) 
Fannia sp. (1) 
Hydrotaea scambus Zett. (K) 
Hylemya angustitarsis Mall. (1) 
Lasiops spiniger Stein (L) 
Limosia sp. (H) 
Musca domestica L. (0) 
Paregle sp. (L) 
Pogonomya similis (Walk.) (1) 
Scopeuma fureata Say (F) 
Mycetophilidae 
Phoridae 
Hypocera sp. (L) 
Phora coangustata Schmitz (L) 
Phyllomyzidae 
Neophyllomyza sp. (1) 
Ptycopteridae 
Ptycoptera sp. (L) 
Rhagionidae 
Scatopsidae 
Rhegmoclema sp. (F) 
Syrphidae 
Cartosyrphus tristis Lw. (1) 
Cheilosia variabilis Panzer (1) 
Chrysogaster parva Shannon (F) 
Elo, hilus latifrons Lw. (1) 
Eristalis obscurus Lw, (1, K) 
Melanostoma sp. (F) 
Metasyrphus pauxillus Will.! (F) 
Scaeva pyrastri L. (G, 1) 
Sericomyia militaris Walk. (1) 
Volucella bombylans rufomacula Jones (1) 


DISCUSSION AND SUMMARY 


Important habitat factors for the invertebrates of 
a region are temperature, light, moisture, and vege- 
tation. At barometric pressures of 21 inches or less, 
such as are encountered at the altitudes where these 
studies were made, radiation of heat is so rapid that 
fluctuations of temperature at the surface of bare 
ground are large and abrupt. 
tation 


While a cover of vege- 
them, even in there is a 
great diurnal range. Temperature, however, although 


moderates forests 
a barrier to outsiders, is not critical for the perma- 
nent inhabitants of the subalpine region. On alpine 
tundra or high rocky areas, with night temperatures 
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Miscellaneous arthropods of Medicine Bow region (Continued). 


Tabanidae 
Chrysops discalis Will. (M) 
Tachinidae 
Archtophyto wickhami Twas. (1) 
Cnephaliodes sp. (QO) 
Gonia sp. (M) 
Mericia sp. (1) 
Plagiomina sp. (1) 
Rhynchiodexia sp. (1) 
Wagneria sp. (1) 
Tetanoceridae 
Melina sp. (F) 
Therevidae 
Thereva cingulata Kroeber (J) 
Tipulidae 
Limonia (Dicranomyia) sp. (J) 
Ormosia sp. (J) 
Tipula septentrionalis Lw. (QO) 
Trupaneidae 
Epochra canadensis Lw. (H) 
Trupanea abstersa Lw. (1) 
Trupanea jonesi (Curran) (1) 
Hymenoptera 
Andrenidae 
Andrena portirae Ckll. (O) 
Anthophoridae 
Podalonia violaceipennis luctuosa (F. Sm.) (H, 1) 
Bombidae 
Bombus edwardsii Cress. (J) 
Bombus huntii Greene (1) 
Bombus mixtus Cress. (I, L) 
Bombus occidentalis Cress. (QO) 
Bombus sylvicola Kby. (1) 
Psithyrus insularis (F. Sm.) (I, K) 
Braconidae 
Arichelonus aculeatus (Ashm.) (1) 
Bracon vulgaris (Cress.) (QO) 
Macrocentrus crambivorus Vier. (1) 
Meteorus vulgaris (Cress.) (L) 
Chrysididae 
Chrysis (Holochrysis) pacifica Say (1) 
Eumenidae 
Odynerus sp. (H) 
Formicidae 
Leptothorax sp. (1) 
Halictidae 
Halictus fratellus Perez (F) 
Halictus inconditus Ckll. (F) 
Hylaeidae 
Colletes sp. (L) 
Hylaeus basalis (F. Sm.) (1) 
Hylaeus cressonii (Ckll.) (1) 
Hylaeus varifrons (Cress.) (QO) 
Ichneumonidae 
Amblyteles discus (Cress.) (I) 
Campoplegidea sp. (J) 
Cryptus altonit D. T. (1) 
Eulimneria sp. (1) 
Exetastes concavus Cush.! (J) 
Exochus sp. (H) 
Glypta sp. (1) 
Ichneumon occidentalis (Cress.) (L) 
Lissonota sp. (L) 
Mesochorus sp. (QO) 
Phaeogenes sp. (H) 
Phygadeuon sp. (F, I, L) 


at least 10° F. lower, temperature may account for 
the absence of such a widely spread nocturnal group 
as the carabid beetles. 

Light intensities of different habitats and strata 
showed more significant differences, during hours of 
maximum invertebrate activity, than did either tem- 
perature or relative humidity. It must be remem- 
bered, however, that air temperatures were measured 
under careful screening from direet sunlight. A 
grassland insect which is in bright sunshine absorbs 
radiant energy, undergoes an increased rate of me- 
tabolism, and operates at a temperature which rises 
at least 10° F. above that of the invertebrates 
adjacent forest. Light readings of above 8,000 foot- 








graphs 
, No.3 


nt for 
group 


strata 
urs of 
r tem- 
emem- 
asured 
i 2 
bsorbs 
of me- 
h rises 
ites in 
) foot- 





July, 1945 


candles, representing conditions of clear skies or very 
light clouds, accordingly indicate an effective addi- 
tion to the temperatures experienced by poikilother- 
mous animals in the sun. ‘he activity of many large 
insects with high resistance to dessication, such as 
locusts, syrphia thes, bees, and wasps, is a reaction 
to combined increases in intensity ot light and heat. 
The smaller, more numerous insects of grassland 
avoid the full strength of this composite stimulus. 
They are mainly on the lower side ot foliage or be- 
low the surtace, where they live in partial shade. 

Relative humudity constitutes, for terrestrial arthro- 
pods, the most decisive factor in local distribution. 
Cessation of activity, by which hours of unfavorable 
temperature are endured without injury, is of little 
help against excessive reduction in relative humidity. 
Strictly speaking the stimulus to which the animal 
responds is the evaporating power of air or a closely 
allied force (the “vapor pressure deficit” of Living- 
ston (1935)), the resultant of the combined action of 
humidity, temperature, air currents, and less obvious 
factors. Kelative humidity is so closely dependent 
on the same components and has been so widely used 
that 1t 1s currently accepted as the index of effective 
atmospher.e moisture. By whatever name, the stimu- 
lus 1s direct tor most of the small, easily dessicated 
animals of temperate regions, and indirect for others, 
such as certai scavenging beetles and ants, with 
heavily chitinized integument or relatively low water 
content. 

Few definite figures exist which indicate the local 
limits of species due to moisture in the air, although 
average stratal differences in relative humidity have 
been recorded in forest and prairie in connection 
with vertical seasonal and diurnal migrations. An 
increase of 8 ¢.c. daily evaporation between air im- 
mediately above the ground and that in a sub-surface 
chamber covered by 3 ins. of forest floor debris was 
found by the author in Maine pine-hemlock forest. 
The difference was the greatest between any two 
adjacent strata, and marked the line of cleavage be- 
tween two very distinct animal societies (Blake 1926). 
On Pikes Peak Goldsmith (1923), using a hygrometer 
made of basswood blocks, demonstrated relative hu- 
midity 40% higher in debris at the base of a yucca 
where insects were hibernating than in the air above 
(21%). Differences of 5 to 6% R. H. are readily 
found with a cog psychrometer between low growth 
under coniferous saplings and the same level a few 
feet away among forbs blossoming in full sunlight. 

While relative humidities recorded in this study for 
forest and over wet meadow and subalpine grassland 
showed surprisingly slight differences, the inverte- 
brates collected from such habitats were significantly 
different. Tetanocerid Diptera, for example, and 
adult Ephemerida and Plecoptera, indicated relative 
humidity probably well above 50% at temperatures 
between 60° and 70° F. Such an amount of moisture 
may occur, during hours of bright sunshine, only 
below the surface of massed vegetation or in dense 
foliage immediately above a stream. The retention 
of essential humidity by rotting wood appeared to be 
the best explanation of the presence of many adult 
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insects, such as the butterfly, Oeneis chryxus, under 
logs. 

Vegetation was important to animals for food, ma- 
terials for abode, mechanical support of nests and 
resting places, and for moderating climatic severity. 
From the scattered weeds and bunch grasses, har- 
boring a few spiders and leaf-hoppers, to spruce-fir 
forest, plants furnished an increasing amount of pro- 
tection from wind, from intensity of sunlight and 
radiation, and from animal enemies. Active, adult 
animals, capable of retreating to shelter, were less 
restricted than were plants by the abrupt changes 
of mountain weather. So many insects, however, de- 
pend on specific foliage for food that they are re- 
duced in abundance and variety with the vegetation. 
The limited number of coreid bugs and chrysomelid 
beetles, and the scarcity of economic pests, corre- 
sponded to the lack of luxuriant deciduous growth. 
The greater number of species were those charac- 
teristic of coniferous regions. 

The ground surface population was strongly de- 
pendent on cover, living prey, and organic debris for 
homes or food. In open areas cover was supplied 
by rocks and cattle dung. The latter even when dry 
maintained such favorable humidity underneath (50% 
higher than the air outside in some of Goldsmith’s 
observations) that most of the animals were collected 
there, often among eteolated seedlings. In the pow- 
erful sunlight oxidation was too rapid for the ac- 
cumulation of much organic debris. About the bases 
of shoots, however, dying leaves and the crowns 
themselves afforded food and protection. The perma- 
nent ground dwellers were not particularly character- 
istic of grassland. They were generally distributed 
species, such as centipedes, ground and scavenging 
beetles, and ants, which were found also in aspen, 
lodgepole pine, and spruce-fir forests. Temporary 
inhabitants were larvae of many insects of the vege- 
tation above, and frequently the adults descending 
for shelter. In the forests the most consistently 
favorable living conditions for many arthropods were 
afforded by decaying logs. Under them or beneath 
the broken bark were nearly all of the permanent 
ground inhabitants, together with larvae of a few 
noctuid moths and of many beetles and flies, as well 
as some adult visitors. 

The communities of the rocky slopes were the 
simplest. Animals which could endure sudden tem- 
perature changes and absence of moisture, and could 
obtain food in the vicinity found excellent protection 
under rocks and in crevices. They were predomi- 
nantly carnivorous, and strongly phototaxie, either 
positively or negatively, in the latter case living 
under stones. Permanent inhabitants were a very 
few spiders, including the orb-weaving Aranea car- 
bonaria and such active runners as Pardosa groen- 
landica, P. mackenziana, and Philodromus alascensis ; 
an unidentified phalangid; and the centipede, Na- 
dabius pullus. Lichen-eating Corrodentia probably 
lived under the rocks, although not collected in this 
study. A psocid, Caecilius, which the author found 
common in such situations in a lower alpine region of 
New England, was reported by Fichter from adjacent 
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spruce-fir forest in the Medicine Bow area. Visitors 
included the spider-wasp, Micropterys, taken at an 
elevation of over 11,000 ft., and a few other insects 
which seemed to be attracted by strong light and 
heat; these included the March fly, Bibio, an oeca- 
sional short-horned locust, and flesh flies, such as 
Cynomys cadaverina and Phormia terranovae. These 
last were taken from mammalian dung, to which they 
had been attracted chemotaxically. Blown in from 
adjacent vegetation were many small insects which 
formed an appreciable source of food for the ear- 
nivorous inhabitants. 

The grassland communities observed were simpler 
than those of the spruce-fir climax. The gradient of 
habitat factors between the ground and the top stra- 
tum of insect activity was steeper in the absence of 
a forest canopy. The intensity of the factors and 
the resultant evaporating power of the air were often 
so great that the only animals present were those 
of fairly high resistance. While the number of spe- 
cies collected in grassland was larger, the inerease 
was due mainly to a few groups among the Lepidop- 
tera and Diptera, rather similar in their xeri¢ re- 
sistance, and poorly represented in the forest. If 
wet sedge meadow is regarded as a developmental 
stage of subalpine grassland, there is an inerease in 
number of species and in the complexity of the com- 
munity structure. While most of the wet meadow 
arthropods oceur also in grassland, elements are 
added from the population of very wet areas. 

The typical grassland community, made up of in- 
sects found on and above the vegetation, was unified 
by tolerance of strong light. This factor was for 
some a direct stimulus to activity, for others largely 
indirect, through the development of specific plants 
or phytophagous insects used for food. Conspicuous 
mountain butterflies were in the former group, for 
example, the papillionid, Parnessius smintheus, and 
the nymphalids, Erebia epipsodes and Brenthis freija 
tarquinina. Light also influenced syrphid flies, such 
as Eristalis temporalis and Cartosyrphus tristis, and 
several bees and wasps, examples being Osmia mon- 
tana, Podalonia argentifrons, and Hylaeus basifrons. 
Species which were resident because of their food 
plants included aphids, such as Macrosiphum ment- 
zeliae, the trupaneid fly, Epochra canadensis, several 
agromyzid flies, including A. pisilla, probably most 
of the Hemiptera and Homoptera, and the ecater- 
pillars. The number of ichneumons and the large 
representation of tachinid flies indicated an abun- 
danee of host insects, mainly lepidopterous larvae. 
Conditioning of light response by other stimuli was 
especially obvious among some of the prominent visi- 
tors to the community. Bumble bees, for example, 
and* vespid wasps joined the grassland inhabitants 
during hours of sunshine in quest of nectar, pollen, 
or insects, and usually returned to nests in forest 
marginal areas. 

Typical forest communities were more diverse in 
strueture. No single factor exerted a dominant in- 
fluence comparable to that of radiant energy in grass- 
land. Evaporating power of the air, while not meas- 
ured in these studies because of the brief time spent 
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in each place, was significantly lowered with the 
reduced insolation and wind movement.  Fichter’s 
atmometer readings, taken in spruce-fir forest during 
July and August, 1936, indicated low evaporation 
(24-hour averages: 7.5 ¢.c. at 0.1 m.; 11 ¢.c. at 1 m.; 
15 ¢.c. at 3 m.). Water loss in adjacent grassland 
would have been inevitably much greater. At a level 
of higher temperatures and rates of evaporation in 
Colorado the author found average water loss from 
atmometers in Douglas fir forest less than two thirds 
that in full light and wind. 

The less dessicating environment of well developed 
forests, such as spruce-fir and mature aspen, accom- 
modated specific tree-dwellers, many invertebrates 
requiring the shelter of shrubby vegetation, and the 
adults of semi-aquatic insects. In the spruce-fir habi- 
tat tree-residents included wood-borers, such as the 
cerambycids Asemum atrum and Neoclytus caprea, 
the buprestid Melanophila drummondi, and the en- 
graver Dendroctonus engelmanii. The carnivorous 
bark beetles, Pytho planus and the “checkered” 
Enoglerus, also occurred. On the saplings and low 
branches of trees the percentage of Araneida was in- 
creased by many weaving spiders, for example, the 
agelenid, Cicurina robusta, and by crab spiders, 
Tibellus longulus and Xysticus apachecus. At this 
level were found the chermids, Trioza maura and T. 
varians, the snout beetle, Epimechus, the aretuid 
moth, Apantesis williamsi, various larval aretuids, 
geometrids, and noetuids, such small Diptera as the 
empid Platypalpus, the phorid Hypocera, and the 
psychodid Pericoma, as well as the muscid Paregle, 
and the syrphid S. ampelopsis; also many ichneu- 
mons, such as I. occidentalis, the braconid Meteorus 
vulgaris, and the xyelid sawfly, Pleuroneura. Among 
the incidental population were the winged forms of 
several larval groups prominent in the streams, for 
example, the stome-flies, Clioperla ebria, Leuctra 
bradleyi, and Nemoura sp., and the mayfly Siphlo- 
nurus occidentalis. More abundant here than else- 
where were the caddis-fly, Limnophilus, and such 
adult Diptera as Tabanus sonomensis and Tipula 
septentrionalis. 

The invertebrate fauna was mainly of northern 
origin. The relatively large number of identifica- 
tions by specialists only to genus or as “near” to a 
named species often indicated species variation from 
forms of better known regions. While a few species 
were primarily alpine, as the lyecosid spider, Pardosa 
axerampelina, the chrysomelid beetle, Phytodecta 
americana, and the mountain butterflies, Brenthis 
freija tarquinina and Parnessius smintheus, most 
were of wide distribution across Canada from the 
Atlantie to the Pacific, or were western species of 
northern genera, often oceurring in Alaska or Brit- 
ish Columbia. In the former group were the spiders, 
Pardosa groenlandica and Gnaphosa gigantica, the 
back-swimmer, Notonecta undulata, the eantharid 
beetle, Podabrus piniphilus, the click beetle, Crypto- 
hypnus lucidulus, the ground beetle, Amara erratica, 
the pierid butterfly, Pieris napi, and the pyralid moth, 
Loxostege sticticalis. In the latter group were Par- 
dosa sternalis and the erab spider, Thanatus colora- 
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densis, the chrysomelid Synetra carinata, the seolytid 
Dendroctonus engelmannii, the satyrid butterflies, 
Coenonympha ochracea and Oeneis chryxus, and the 
western cuckoo wasp, Chrysis pacifica. Invaders 
from the south were found rarely in the alpine sta- 
tions, although more abundant on the high plains. 
They included the thomisid spider Ebo, probably a 
new species, collected once in spruce-fir forest, and 
the tenebrionid Eleodes tricostata, taken onee in al- 
pine grassland. The presence on the plains of spe- 
cies of southern origin, such as the velvet ant, 
Dasymutilla vesta, and several species of Eleodes, 
coupled with their absence at higher elevations, ap- 
pears significant. It suggests that for invertebrates 
resistant to dessication the severity of the hibernating 
season is less important than low summer tempera- 
ture as a barrier to upward migration. 

Isolation, continuous low temperature during the 
active season, and absence of mesophytie vegetation 
constitute important factors in the restriction of the 
invertebrate population. Isolation is especially im- 
portant for wholly aquatic animals and for insects 
which are aquatic as larvae and have as adults feeble 
powers of flight. The brevity of the summers tends 
to keep the number of individuals low in those spe- 
cies which normally produce several broods in a sea- 
son, as is the ease with aphids and many of the 
muscid and metopiid flies. The extreme length of 
the dry and cold period—between seven and eight 
months—tends to reduce the number of survivors in 
species which pass the winter in the adult stage, as 
many of the bees and wasps. Complete adaptation 
would compensate for such handicaps and probably 
has been obtained by successful species. The fre- 
quently stressed factor of low humidity of air at high 
elevations is not so significant in the Rocky Moun- 
tains, which rise from dry plains, as if the fauna 
under consideration was being contrasted with that 
of the standard mesic lowland communities of the 
east. A study of the invertebrates of the high plains 
around Laramie and the sloping plateau towards 
Cheyenne would help make clear which of the inter- 
acting factors are eritieal. 

Six terrestrial and six aquatic types of habitat 
were studied in the Medicine Bow Mountains near 
Centennial, Wyoming, at an elevation of 10,000 to 
12,000 feet. Supplementary observations of animals 
from grassland habitats were made at altitudes be- 
tween 8,000 and 9,000 feet. Collections of inverte- 
brate animals were made in late June and in July 
of three years. Direct measurements of such factors 
as temperature, light, and relative humidity were 
taken at the time of collecting, supplemented by 
meteorological data from the area furnished by the 
Department of Botany of the University of Wy- 
oming. 

Aquatic communities were observed in two types 
of swift water and in four of quiet water. The for- 
mer were mountain streams, practically bare of vege- 
tation. Ephemerid nymphs furnished the largest 
number of animals and of genera and species. Many 
species were characterized by strong positive rheo- 
taxis. Beetles, conspicuous in all other habitats, were 
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absent. The habitats of standing water included 
temporary and permanent ponds and a partly de- 
veloped willow bog. In these the mass of animal 
life was made up of a few genera and species of 
crustaceans, and of aquatic insects. 

Terrestrial habitats observed were rocky areas, wet 
meadow, grassland (alpine, subalpine and high 
plains), aspen subeclimax, lodgepole pine, and the 
regional climax of spruce and fir. The meager popu- 
lation of rocky slopes was in part positively photo- 
taxic species, tolerant of abrupt weather changes, in 
part thigmotaxiec, negatively phototaxie crevice ani- 
mals, living under stones. 

The population of wet meadow was for the most 
part positively hydrotaxic, with many insects of bor- 
dering shrubs showing strong positive phototaxis. 
Subalpine grassland was occupied by the greatest 
variety of phototaxie and phytophagous insects. Both 
alpine and high plains grassland showed a reduction 
in number of species and a shift in the prevalent 
species. 

Typical forests harbored the greatest variety of 
species responsive to moderate intensities of such 
factors as radiant energy and wind, and poorly 
equipped to resist dessication, as well as many other 
animals during the breeding season. Aspen sub- 
climax supported conspicuous phytophagous popu- 
lations. The dry lodgepole pine habitat showed a 
high proportion of carnivorous invertebrates. The 
spruce-fir forest, offering maximum protection from 
climatic extremes, maintained representatives of the 
largest number of orders and families, resulting in 
the production of the most complex community. 
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NUAL CYCLE OF PLANTS, MOSQUITOES, BIRDS, AND MAMMALS 


IN TWO BRAZILIAN FORESTS 


INTRODUCTION 


In many parts of South America yellow fever is 

contracted in the forests and jungles. When ae- 
quired in these localities it is known as jungle yellow 
fever. Although elinically this jungle yellow fever 
-is identical with elassiéal yellow fever, in its epi- 
demiology it is radically different. In classical yel- 
low fever the virus is transmitted from person to 
person by the Aedes aegypti mosquito. But in jungle 
yellow fever the virus is presumably transmitted to 
the vertebrate hosts by forest-inhabiting arthropods. 
Human infections with jungle yellow fever virus ap- 
pear to be adventitious and seem to play no essential 
role in the life history of the virus. The present 
information is still inadequate to explain the spread 
of the virus, although certain wild mosquitoes may 
transmit it and some mammals are known to be sus- 
ceptible to it. 

The investigations described in this paper comprise 
part of a program carried out to learn more about 
the lives of forest animals, with a view to finding out 
what species may fit the role of hosts and vectors of 
the jungle yellow fever virus. The fundamental 
studies of the lives of forest animals were undertaken 
because the methods thus far used have not satisfac- 
torily explained the spread of the virus. 

The yellow fever virus is very elusive, and as yet 
the simplest known way to learn of its presence is by 
its appearance in humans. Surveys of human im- 
munity determine the presence of the virus in the 
past. Examination of post-mortem liver specimens 
from persons suspected of having had yellow fever 
determines its presence in the recent past. Diagnosis 
of the disease or isolation of virus from humans indi- 
cates the immediate presence of the virus. Unfor- 
tunately, because of its transient occurrence, looking 
for the virus in the forest is usually futile, but im- 
munity surveys of monkeys often reveal its former 
presence. Studies of mosquitoes show that some spe- 
cies may merely harbor the virus while others may 
transmit it by biting. Studies of susceptibility to 
experimental infection show that some mammals may 
circulate virus in the blood stream for a short time. 
All these investigations have not explained the spread 
of the virus. It was hoped, therefore, that studies of 
the ecology of the forests might suggest which ani- 
mals play a role in the spread. 

The evidence from human eases of yellow fever 
shows that the virus was present during the years 
1934-40 in southeastern Brazil and appeared each 
summer season (December-June) in different loeali- 
ties. The distribution of human eases shows a re- 
markable progression throughout the region with the 
disease seldom appearing in the same county for more 
than one season. Furthermore, the disease never ap- 


peared in the cold months. The explanation of these 
two aspects of this notable distribution of the disease 
in time and space must be sought in the mutual re- 
actions of the animals in the forest. 

A hypothesis which accommodates many of the ob- 
served facts is that the virus is spread as a wave 
through southern Brazil and does not remain in one 
locality long because the susceptible hosts either die 
or become immunized. According to this hypothesis, 
the disease does not appear in the cold months be- 
cause there are too few mosquitoes to transmit the 
virus to humans. 

Another hypothesis concerning the distribution of 
the virus in time and in space is that the virus is 
always present in the forest but appears in humans 
only in response to certain specifie conditions. Among 
these conditions may be suggested changes in the 
virulence of the virus or an unusual abundance of 
hosts and vectors resulting from climatie conditions. 
However, if the virus is always present in the region 
it is difficult to understand the regular spread of the 
appearance of the disease in humans. 

The province of the investigation here reported 
was the study of the ecology of the animals in the 
forest and the development of methods and techniques 
which might prove useful in unraveling the epidemi- 
ology of jungle yellow fever. Since a knowledge 
of abundance and of movements of animals is funda- 
mental to an understanding of the maintenance and 
spread of the virus, the investigation concerned these 
two aspects of mosquitoes, birds, and mammals. The 
plants in the forest were investigated in a prelimi- 
nary way to obtain a better understanding of the 
habitat. The changes throughout one year will pro- 
vide a basis for comparing month with month and 
year with year. 
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THE REGION STUDIED 


The region selected for study is in the county of 
Teresépolis (Fig. 1), about 100 kilometers north of 
the city of Rio de Janeiro. The county is situated 
on the top of the coastal range, bordered on the south 
by the steep slopes of the mountains. All parts of 
the county are above 800 meters, and several peaks 
of the coastal range reach 2,000 meters. The coastal 
range was formed by uplift and folding of extremely 
old magmatic gneiss, which constitutes one of the 
oldest land masses in the world. The soil was formed 
entirely by erosion and chemical action occurring in 
the rocks. 

The topography of the county (Fig. 2) is rolling, 
with narrow flat margins along the rivers and creeks. 
The hilltops are more or less covered with forest or 
brush, and the valleys are intensively cultivated. This 
region has been cultivated for over a hundred years 
and at one time produced coffee. There is no virgin 
forest left except along the slopes of the coastal 
range. The forests which remain or have grown up 
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recently are, except along the coastal range, small 
patches of second growth separated by cultivated 
valleys. 

Observations of the weather are obtainable for the 
11 years beginning in February, 1932. The federal 
weather station is situated near Varzea de Teresépolis 
(Fig. 1), where the climate is less humid than that 
of localities nearer the edge of the mountains. A 
aythergraph (Fig. 3) presents the mean monthly 
rainfall and temperature from February, 1932, to 
May, 1943, inclusive. A superimposed hythergraph 
shows the monthly means during the months of in- 
tensive investigation from June, 1942, to May, 1943. 

The months of June, July, and August are dry 
and cool; those from September to January are rainy 
and increasingly warm; February and March con- 
tinue warm but are drier than the previous months; 
April and May become cooler and drier. The rains 
from April to November are cyclonic in character, 
frequently lasting several days. The rains from De- 
cember to April are generally cgnvectional and occur 
in the afternoon, although occasional cyclonic storms 
may occur in these months. Very frequently fog 
or rain is produced by the warm air brought up from 
the lowlands by a southerly wind. 

The mean annual temperature for the period Feb- 
ruary, 1932, to May, 1943, was 18.25° C., and the 
rainfall was 1,649 mm. The difference between the 
mean temperatures for the warmest month (Febru- 
ary) and the coldest month (July) is only 7.5° C. 
The rainiest month (December) has 7.55 times as 
much rain as the driest month (July). 
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Fic. 2. Valley of Paquequer River, showing moun- 
tainous topography of the county of Teresdépolis. 
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Fig. 3. Hythergraphs of climate at Teresdépolis, show- 
ing mean monthly rainfall and temperature from Feb- 
ruary, 1932 to May, 1943 and also from June, 1942 to 
May, 1943. 


In 1938 yellow fever appeared in the county of 
Teresépolis for the first time in many years. A fatal 
case, confirmed by a positive liver specimen, occurred 
on March 1, while at the same time another man be- 
came sick but survived. The two men probably were 
infected in a forest between Fazenda Boa Fé and 
Venda Nova (Fig. 1). On March 16 a fatal case, 
confirmed by a positive liver specimen, occurred in 
the town of Varzea de Teresépolis. The patient had 
regularly entered a small patch of forest near by to 
get bamboo. Another case oeeurred on Mareh 30 in 
a forest on Fazenda Boqueirao near Vargem Grande 
about 28 kilometers from Varzea. It should be noted 
that the virus appears to have remained in the county 
for at least a month. 

Some of the adjoining counties also reported jun- 
gle yellow fever. The county to the west, Petrépolis, 
reported 7 positive liver specimens, 4 isolations of 
virus, and 10 additional diagnosed cases. The county 
to the north, Sapueaia, had 3 positive liver specimens 
and 4 diagnosed cases. The county to the east, Novo 


Friburgo, reported no eases, although a few occurred 
still farther east. The 3 counties, Petrépolis, Tere- 
sépolis, and Novo Friburgo, are situated on the edge 
of the coastal range and are biologically quite similar. 

The forests of 2 estates (Fazenda Boa Fé and 
Fazenda Comari) were selected for study. Fazenda 
Boa Fé (Fig. 4) is situated 16 kilometers by road 
from the town of Teresépolis and about 14 kilometers 
inland from the edge of the coastal range. This 
estate is typical of the surrounding regions and was 
chosen because its forests are practically identical 
with near-by forests in which the virus of yellow 
fever was present in 1938. Fazenda Comari (Fig. 
5) is on the outskirts of the town of Teresdpolis. 
Its forests are part of the extensive rain forest cover- 
ing the slopes of the coastal range for many miles. 
This type of forest was chosen for study because of 
the possibility that the rain forest may act as a res- 
ervoir of yellow fever virus, and also for contrast 
with the forests at Fazenda Boa Fé. There is no 
evidence that the virus was ever present in these 
forests, but since few people enter them the chances 
of human infection there are slight. 


METHODS 


The investigation of the abundance and movements 
of several diverse taxonomic groups requires the use 
of numerous technical methods. This section de- 
seribes the methods used to investigate the animals 
in the forest. Identical procedures were used at both 
estates. 

A section of forest about 40 hectares in extent was 
designated the “research area” (Figs. 6, 7). The 
plot was chosen because it was the most homogene- 
ous of the available areas representing the vegetation 
type. This research area was the center of investi- 
gation. Except under special circumstances or by 
accident, no vertebrates were removed from the area 
during the year. The intensive studies of live mos- 
quitoes, birds, and mammals were made in this area. 

Homogeneous plots in near-by forests were desig- 
nated “auxiliary areas” and were used to supplement 
the work in the research area. The vegetation of 
each auxiliary area was tentatively classified in com- 
parison with the research area. In these auxiliary 
areas birds were collected, mammals were trapped. 
and special studies on mosquitoes were made. 

Monthly visits of at least 7 days were made to 
each estate. In general, Fazenda Boa Fé was visited 
in the second week of the month and Fazenda Comari, 
in the third week. As soon as observations were 
completed at Fazenda Boa Fé, the study unit was 
transferred to Fazenda Comari and observations were 
begun there. Inclement weather often lengthened 
the visit at one or both estates. In this paper, the 
term “period” refers to the monthly visit to each 
estate. The actual dates of each period may be found 
in Table 3. 


WEATHER OBSERVATIONS 


Observations of the weather were made during 
each visit. A pluviometer was installed in each re- 
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Fig. 6. Research area, Fazenda Boa Fé. 


search area, and the amount of rainfall was measured 
by the study unit on arrival and each day during 
the period. A hygrothermograph was placed near 
the mosquito traps during each visit. In addition, 
the temperature in the forest was measured every 
hour in accordance with the details given below in 
the description of mosquito captures. The weather 
station in the town of Teresdpolis provided the data 
shown in the hythergraph (Fig. 3) for the general 
climate of the region. 


IDENTIFICATION OF TREES 


The development of plant taxonomy in Brazil does 
not permit the identification of all of the plants in 
a region. Therefore only the trees were considered 
in the investigations. An intensive study of the tree 
species present in each research area was supple- 
mented by excursions through auxiliary areas. The 
basie data obtained are a list of trees found in the 
research area and an enumeration of the size of all 
trees along a trail in the forest. 


COLLECTION OF MOSQUITOES 


Adult mosquitoes were collected in the research 
area in 2 ways: a man sitting on the ground caught 
the mosquitoes which attacked him; and mosquitoes 
were captured in 1l-compartment mosquito traps 
(Shannon 1939) placed at 3 levels in the forest vege- 
tation. Trap A was placed on the ground, trap B 
on a platform in the middle layer of vegetation, and 
trap C in the treetops (Davis 1944). The surround- 
ing vegetation was disturbed as little as possible 
during the investigations. The traps (Fig. 8) con- 
sist of cubes of mosquito netting, open at the bot- 
tom, with bait inside. The mosquitoes enter at the 
bottom but, because they attempt to escape at the 
top, the trap retains them. Birds were used as bait 
because little was known as to the kinds of mosqui- 
toes that attack birds. Ten birds representing sev- 
eral species were placed in cages hung inside the 
trap. The species used were Columbigallina talpa- 
coti, Molothrus bonariensis, Sicalis flaveola, ani 
Zonotrichia capensis; as far as the supply of birds 
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Fig. 7. Research area, Fazenda Comari. 


permitted, an equal number of each species was kept 
in each trap. 


















In the research areas the mosquito captures were 
made in the same spots each month. They were 
earried on day and night except when heavy rain 
and cold threatened to kill the birds used for: bait. 
Three men working in 8-hour shifts made the cap- 
tures. Day and night, beginning on the hour, a 
man collected mosquitoes with a cyanide bottle in 
traps A, B, and C in succession. From the half 
hour to the hour in a spot near trap A the man 
captured mosquitoes, using himself as bait (Fig. 9). 
At each trap the man read dry and wet bulb tem- 
peratures with a Friez manual psychrometer and 
estimated by means of plus marks the velocity of 
wind, the degree of cloudiness, and the intensity of 
Fic. 8. Mosquito trap B on platform, Fazenda Boa Fé, rain. He did not measure the light intensity, but a 
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Fic. 9. Capturing mosquitoes with ‘‘human bait,’’ 
Fazenda Comari. 


consideration of the hour of the day and the degree 
of cloudiness gives an approximation of the intensity. 

In the auxiliary areas, special captures were made 
from time to time to clarify special points or to 
contrast the abundance of mosquitoes. These cap- 
tures were made with human bait for periods of an 
hour. A few captures were made with horse bait 
also. 

The traps at Fazenda Boa Fé were installed on a 
small level area on top of a hill fairly well shaded 
by trees. Trap A was placed on the ground between 
trees and bushes in rather thick vegetation. There 
was no bamboo within 25 meters. Trap B (Fig. 8) 
was placed on a platform in a tree at a height of 
8.9 meters. Near the trap were several other trees 
of the same height and some of greater height, but 
there were no bromeliads near by. Trap C was 
placed in one of the largest trees, on a platform 19.4 
meters above the ground. The crown of the tree 
was large but did not reach above the canopy of the 
forest. On the larger branches there were many 
bromeliads. Captures with human bait were made 
on the ground in vegetation similar to that near 
trap A. This location was covered at all times by 
a tarpaulin in order to give constant shade and pro- 
tection from the rain. 

At Fazenda Comari the traps were installed near 
the edge of a hill in an area which had several tem- 
porary springs. Trap A was placed on the ground 
among saplings and bushes under a thick cover of 
trees. About 30 meters away there was some bamboo. 
Trap B was placed on a platform on a horizontal 
branch at a height of 10.0 meters. The trap was in 
the middle layer of vegetation, but there were no 
tree crowns near by. For a few hours in the after- 
noon the sun shone directly on the trap. Trap C was 
placed on a platform at a height of 15.1 meters in 
a fork of a tree only 2.0 meters below the forest 
crown. The crowns of several other trees, as well as 
many bromeliads and lianas, were close by. Captures 
with human bait were made on the ground in a place 
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slightly uphill from the location of trap A. The 
vegetation was similar to that surrounding trap A 
but somewhat drier and more open. 

Larval mosquitoes were collected monthly to de- 
termine the potential population and the breeding 
habits of some little-known species. One man spent 
all his time collecting larvae, primarily in the re- 
search area but also in auxiliary areas. The collee- 
tions were not quantitative and no conclusions may 
be drawn concerning the changes in abundance. A 
comparison of the larval captures with the adult cap- 
tures disclosed many interesting facts. 

The identification of the adult and larval mosqui- 
toes was made in the laboratory by technicians who 
have been specially trained to identify rapidly large 
numbers of specimens. Although preliminary iden- 
tifications, especially of the larvae, were occasionally 
made in the field, all adults and larvae were identified 
definitively in the laboratory. 


OBSERVATION OF BIRDS 


The primary observations of birds consisted of the 
relative abundance count. For 7 days, successive 
when possible, the number of each species of bird 
seen along a trail (Figs. 6, 7) in the research area 
was recorded. The count was begun shortly after 
sunrise and required 3 to 4 hours. The observer 
walked slowly along the trail in order to be able to 
see as many birds as possible. He counted all those 
observed on both sides of the trail within a definite 
distance, which depended upon the density of the 
vegetation. Unfortunately it is not possible to see 
all the birds, especially in the breeding season. How- 
ever, after considerable experience (the author had 
24 weeks’ experience in Cuba; Davis, 1942) most 
birds are seen, and the reason for apparent absence 
of others may be determined. 


In the auxiliary areas, specimens were collected 
to supply the type of information available from 
dead birds. The individuals were identified and in 
the beginning served to determine the characters use- 
ful in the field for identification. The conventional 
ornithological data were noted and, in addition, the 
sacrum was cut out immediately after shooting and 
preserved in Bouin’s solution. The age was deter- 
mined in the usual manner by the amount of ossifi- 
cation of the skull. The bursa of Fabricius was 
classified as large or small, in the expectation that 
these data would help to determine the age of the 
individual. In the laboratory, the gonads were dis- 
sected out, sectioned at 10 or 20 microns, stained in 
Haematoxylin-eosin, and classified as “immature,” 
“inactive,” “progressing,” “active,” or “regressing.” 
These data provided an accurate means of deter- 
mining the breeding season and age. 

In addition to being a souree of specimens, the 
auxiliary areas served for studying the birds in dif- 
ferent habitats and thereby contrasting them with 
the birds of the research area. In many eases ob- 
servations of the birds in the auxiliary areas served 
to confirm or deny the observations made in the re- 
search area. 
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The names of the birds throughout this paper are 
in accordance with Pinto (1938) for the families up 
to and including the family Conopophagidae. The 
rest are taken from Hellmayr (1927-1938). 


OBSERVATION OF MAMMALS 


The primary observations of mammals included 
the trapping, marking, and releasing of individuals 
along the trail in the research area. In addition to 
indicating the relative abundance, the marked ani- 
mals supplied information on the movements of in- 
dividuals. The small mammals were captured alive 
in a line of 30 traps made from tin cans and snap 
traps; the larger mammals were caught in collapsible 
wire traps. The individual was removed on the spot 
each morning, and the sex, age, length of tail, and 
condition of external genitalia were noted. The in- 
dividual was marked by cutting a toe or toes and 
was then released. The location of capture was noted 
by estimating the distance from numbered markers 
along the trail (Figs. 6, 7). A eomparison of 
the mammals eaptured at each location showed the 
density of population. In the case of repeated cap- 
ture, the numbered location shows where the indi- 
vidual was last captured. An oceasional individual 
was killed by the traps, and some died from exposure 
on cold nights. 

In the auxiliary areas a line of large and small 
snap traps was set up. During each period the line 
was placed in a different area of homogeneous vege- 
tation to obtain comparative data on habitats and 
to permit contrast with the individuals caught in the 
research area. These individuals served for identi- 
fication and for determination of the breeding sea- 
son. Besides the conventional measurements and the 
estimate of the age by the ossification of the skull, 
a macroscopic deseription of the condition of the 
reproductive organs was made at the time of skinning 
to indicate the breeding condition. 


BOTANICAL DESCRIPTION OF THE FORESTS 
OF THE RESEARCH AREAS 


The foundation for the investigation of the life of 
any forest is an understanding of the plant commu- 
nity and the ecological succession which produced 
the community. A method which seems to give satis- 
factory results is a description of the species of 
plants present and a comparison of abundance. Sup- 
plementary verbal and photographie descriptions add 
greatly to the facility of understanding. In this 
work it has been necessary, as has been explained, 
to limit the deseription to the identification and 
abundance of trees, because of the state of botanical 
knowledge in Brazil. Even in some of the most 
intensively explored districts near the capital there 
are undescribed species. Few men know more than 
a small proportion of the vast flora of Brazil, and 
even they know the plants only as herbarium speci- 
mens. Futhermore, the identification of trees and 
herbs in the field by means of vegetative characters 
is not practiced in Brazil. In spite of these handi- 
‘aps it has been possible to identify nearly all species 
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of trees and to deseribe the forest in terms of the 
trees. The identification was always made by flowers 
or fruits, and then vegetative characters were ex- 
amined to make possible the recognition of the species 
at any season. The trees which could not be iden- 
tified belong to 2 groups. The first contains species 
which are rare, little known, lacking in the herbarium 
collections, or undescribed; the second consists of 
those which did not develop flowers or fruits during 
the period of the work. Especially in the ease of 
the family Lauraceae, many trees did not produee 
flowers at all. In most instances these trees could 
be identified with considerable certainty as to the 
genus. In spite of these limitations it is considered 
worth while to deseribe the forest in terms of the 
arborescent species. 


Fazenpa Boa F& 

The history of the research area at Fazenda Boa 
Fé (Figs. 10, 11, 12) is not well known in detail. 
It is likely that the land was completely cleared and 
cultivated (probably in corn) as recently as about 
1870, some parts perhaps even more recently. Since 
that time the forest has been permitted to grow, 





Fig. 10. Research area forest, Fazenda Boa Fé. Cul- 
tivated valley and buildings are seen in the foreground, 
peaks of coastal range in the background. 





Fig. 11. Research area forest, Fazenda Boa Fé. 
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although firewood and some timber have been taken 
out. Until 1919, when the present owner purchased 
the estate, the forest was probably frequently mo- 
lested. Sinee then it has been carefully guarded and 
only dead wood has been removed. 

The original forest in this region was completely 
destroyed, and it is impossible to know what the 
composition was. However, on the steep slopes of 
the mountain range only a few kilometers away from 
the research area there are tracts of forest which 
have never been cleared. It is possible that the forest 
at Fazenda Boa Fé originally resembled these tracts, 
but the difference in rainfall, soil, and humidity are 
sufficient to require caution in interpretation. A 
patch of forest near Fazenda Boa Fé is supposed to 
be virgin in that it was never completely cleared; 
however, for many years firewood and timber have 
been taken out of the patch, so that it is in reality 
second growth. 





Fig. 12. Close-up view of Hortia-Virola-Croton asso- 
ciation, research area, Fazenda Boa Fé. Note uniformity 
of appearance, although Cecropia (right center) and 
Euterpe (right bottom) stand out. 


The local residents use large quantities of firewood 
for cooking and for making chareoal. Also the 
forest supplies the materials for making houses. Both 
the trees used for firewood and the poles used for 
making the adobe houses are small in diameter and 
are obtained in young second growth. The forests 
therefore are being constantly molested. As is true 
in all tropical countries, certain species are used for 
firewood and others for timber. Since trees of these 
species are sought after and cut as soon as suitable 
in size, a study of the forests must take this into 
consideration and interpret the frequency of indi- 
viduals accordingly. In this diseussion, the forest is 
considered to be the result of the selective elimina- 
tion of some species. Although the patch under 
Investigation has the advantage of having been pro- 
tected, the trees now present are the remnants from 
the seedlings derived from the surrounding forests, 
and the larger trees are the remnants of the forest 
which was present before there was adequate pro- 
tection. In the list of species frequency (Table 1) 
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the trees used for timber are marked with one eross 
and those used for firewood are marked with two 
crosses. Naturally, dead wood from most small trees 
will serve for. firewood. 

From the exterior the forest appears to be uni- 
form in height and composition. Only with con- 
siderable practice ean any one species be distin- 
guished from the others; the only trees which stand 
out are the occasional cecropias and some palms. 
The color is a uniform green with blotches of flower 
color in certain seasons and a few leafless trees in the 
winter. Viewed from the interior the forest is fairly 
dense, although it is seldom impenetrable. Only in 
the younger parts where the bamboos are still thick 
is there much obstruction to vision. In the more 
mature sections there are many palms of all ages and 
the trees form 2 distinet layers with a third layer 
of shrubs near the ground. The height of the forest 
is about 25 meters in the more mature sections and 
about 20 meters in the younger parts. Epiphytes 
(Fig. 13) and lianas are common. 





Fig. 13. View from platform C at Fazenda Boa Fé, 
showing epiphytes on near-by trees and cultivated valley 
in the distance. 


To determine the composition of the research area 
at Fazenda Boa Fé, the individuals of each species 
were listed according to size (Table 1). To compile 
this list, all specimens along the trail, which is 1,021 
meters long (Fig. 6), were counted in a sample area 
3 meters wide. The circumference at breast height 
was noted because this is the most convenient meas- 
urement. The diameter at breast height (D.B.H.) 
could be caleulated if desired. A small number of 
individuals were unidentifiable, and some species 
could not be given specific names. 

For discussion the species may be divided into 2 
groups. The truly arborescent species, which com- 
monly reach a circumference of more than 1 meter 
and a height of 30 or more meters when mature, 
form an upper layer of vegetation. Other species, 
which usually have a cireumference of less than 
50 ems. and seldom reach higher than 20 meters, 
form a middle layer. In addition there are the palms, 
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Composition of a sample of Hortia-Virola-Croton forest, Fazenda Boa Fé. 


In the first column X indicates timber and XX indicates firewood. 





Species 





Use 





ANACARDIACEAE: 
Schinus terebenthifolius Raddi. 
var. rhoifolia (Mart.) Engler................... 
ANONACEAE: 
Xylopia brasiliensis Speng 
APOCYNACEAE: 
Malonetia lanceolata Miill. 
ARALIACEAE: 
Didymopanaz angustissimum E. Martii 
Didymopanaz longepetiolatum March.............. 
Didymopanaz maratotoni Decm.* 
BIGNONIACEAE: 
Jacaranda puberula Cham.. ..............+-+005- 
Sparathosperma vernicosum Bur. et Sch............ 
Tecoma longiflora Bur. et Sch.*...............2. 
CARICACEAE: 
Jaracatia heptaphylla (Vell.) C.DC.*............. 
CLETHRACAE: 
Clethra brasiliensis Cham. var. reticulata Cham.... . 
ComposiTAE: 
Vernonia diffusa Less 
CYATHEACEAE: 
Dicksonia vellosiana HK 
EUPHORBIACEAE: 
Alchornea iricurana Casar.* 
Alchornea triplinervea Miill. 
Arg. var. genuina MUll. Arg.*...............5. 
Aparisthmium cordatum (Juss.) Baill.*............ 
a eee 
FLACOURTIACEAE: 
Casearia inaequilatera Camb 
Casearia pauciflora Camb 
Casearia sylvestris Swartz 
GUTTIFERAE: 
I So Solan ats hu ele cree Wlice-ss eo we wen 
Rheedia calyptrata (Sch.) pl. et Tr.*.............. 
LAURACEAE: 
Acrodiclidium parviflora Nees.* 
Bndlicheria hirsuta Nees.*.........-2ccccsccccces 
Nectandra lanceolata Nees.* 
Nectandra pichurim Mez 
EER ee er caer eee 
RNG ira aay: Ss a Soca gra be-w ste eee ee 
NN BO oe Cpa og A Slase eR meres 
Ceotes Grvartonia Mies.*.... .. 20... cece ccccccweece 
Ocotea organensis Mez.* 
Ocotea teteiandra Mez.* 
Se a eS ck cles parca ene eros 6 eeber 
Ne SAN I oe ic pecesnecsedemnes 
Urbanodendron verrucosum (Nees.)*.............-- 
LECYTHIDACEAE: 
Cariniana excelsa Casar.* 
LEGUMINOSAE: 
NI aod Si a iar graraitls «ave ee, ations 
Piptadenia micracantha Benth.*.................. 
Sclerolobium chrysophyllum Poepp 
Sclerolobium rugosum Mart 
MELASTOMATACEAE: 
SN 535 ooo a 6 nh iis Fob nse vce v ee ea eiee 
I NN oi ares easie'e pas oe es 
Miconia brasiliensis Triana* 
ae ree 
Te _ 
Miconia organensis Gard 
Miconia theaegous Cogh. 
var. integrifolia Cogh 
MELIACEAE: 
Cabralea eichleriana C.DC.*.............0eeeeees 
Cedrella fissilis Vell. var. glabrior C.DC.*......... 
A > ll rr 
Cedrella velloziana Roem.* 
Guarea alternans C. DC 
Guarea rosea C.DC 


Arg.* 
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TABLE 1. (Continued) 
CrkcUMFERENCE IN CENTIMETERS 
Species Use — DD) OO Oe 
oloo5 5) 10) 15/20) 25/30|35|40|45|50|60/70/80|90) 100) 125/150) 175/200}225 
4 349 9}14}19}24/29|34/39 44/49|59 69/79 89/99) 124/149) 174/199) 224) 249 
™ MoRACEAE: | | 
ES SEER en a Ne ee ER aOR Sees ar ee ee | am 
NEI WE orcs. 01s. ch adioaisiels wisctohd pamisceisiecs Sees eee Oe Oe os oO Oo RR [PRS (Serer femme Coase: Se es 
RIND ois 657 oxseceysceceruts O'S gid akas ravnl gis aod ere lel inl aga a Wee) aed ed ed ae ed ed ed ed ed ed od ey ec es es a 
Ficus sp...... Sie pister erate ase ees acted sacs os are alle estate 2 ec scaefen|ee] Marfa efe [ool aelac 
MyRISTICACEAE: ; ie | | 
Virola bicuyba (DC.) Warm................ Ore, A Putene ese. See 1j 2 1 
ie MYRTACEAE: | | as | 
Calyptranthes aromatica St. Hil................-.-)..005- 1..| 5} 1 2) 1 1) 1} 1| 1) 1| , ae oe 
Camponadesia prothecesepala Kiarsk..............)..2.-. | 1) 3} 3} 1) 1) 2)..]..]. a ae, |e | : 
Eugenia magnifica Spreng..................0. wl ae |. i | 2 a ae I}..|...| 
an ee ere E.R es oe aie be thecal altel cakes oe 
Gomidesia spectabilis Berg. | | | | | | | 
oe Se eae ae a ee ee) | rar | 314) 9} 4 1) 1) 2)..) 2 2] 2]..}. 2 eee ed ee 
“Tf IN chlo rho) a venginond AE Nae bale Wey PS ys la Pee ee ee ae i: a eee ee Oe ee cree ee ee 
| NYCTAGINACEAE: | * Bas Ge | 
| EE EE, (Pere ee i Ee oe Cae See ee Re oe eee 
es 6 ee es eee | 1)15) 4) 5} 9) 6) 9} 2) 3) 3) 2 2 : eS oe i 
1 TIENT ooo. 5 oi cs sceisd sip alee Rs ove cate ne @aer Se: eee ae ae ee ER 8 
ra OLACACEAE: Pea Fa 
Heisteria stereoneura Pierre... .............2.00ccleceees 1. .J..| 5} 4] 4] 1 tH ) B..) 1 Fe (ec 
ae a PALMACEAE: | | | | | | 
NUMINN NTE MIDI 0 50:55. 0:5.5:6 .0°0 0-0 Hie vies. o oie ois ier | 8| specimens |..|..|..|. ie : oo 
ee eS a ee Psicmaiet | 2| specimens a Ae oot 
| I 5. 55 ok s.c ss corm annie so phe wae lea | 6) specimens bite i he 
se ue) Se ssi ties 41 455)054) sesi na al dc vieiala we giant obese. afetercater Re |; CSREES SS Se 
OT i eee Riise |. .|..| 5/85]18/35/42/26) 5]. .}..]..]..]..]--- 
ee ia RINE Ci NRCan Re ee ee ee ee 
PIPERACEAE: | | 
IEEE 5 ned er sims Miaatale arnrein heats elmaveraue a tmerares jeer | 1} 3}. my Fe a (re 
ROSACEAE: a 
Hirtella hebeclada Moric. var. d Jardn.............|...... ts ahh ll a al tld ocest) SEs alloca ell calf valle sik all srerell oll rome neal emcee at 
RT IN MI 565 ooo. che voit asy, oho ce nse, v vise a|' eee PR es ste est ae VAR RR RS ee Fes (zc: |e one ea a (ae 
Parinarium glaziovianum Warm................. OPO ee 6) 4) 2) 1] 2 2) 1) 2) 1 n 4 
RUBIACEAE: | | | 
I COON BINNIE o.oo icine. oi s.e oi nblee aloes safineiew'e-e 10/58 24| 8) 2)..| 3}..]..]. elk he 
TT he (ar | 1} 7] 5}..] 8) 2 1. 1). i 
Pepcmowes fongipes DEON. ATE... . 0.5... 5c cc cescvfoscces |..] 3}. oi eee oe ee wae ete 
ah hes Psychotria parvifolia Mill. Arg...................).0005: BR I Bek | ee eae LR (ae a Te 
|" Psychotria sessiles Mill. Arg. | ASR | 
ks aU oo bce: w saiavategrtres6-0ie uel ai acne pre | 1/14/11) 9} 2) 1 N 2) 1| sindreceiee 
Ge KG RUTACEAE: | | | | 
a Hortia arborea Engl..............6.0000000c0e0es X | ofta} 4j 4} 2) 3} a) a 2) af a} ay ay..] ay... 
Pilocarpue gigantous Engl... .... .... 5.6... cece ccle cece |. gf ide abetted: checeede mee i 7 eee ae 
Xanthozylon obscurum Engl................ccccccleceeee|es 1-5 2) ..1 2 vf Loa Reale. nt ay ee 
Xanthozylon rhoifolium Lam................002-efeeeees By eae Se a ae eee Eo ee ae Os me, OS OS a ee 
be SAPINDACEAE: | | eecay | 
SUI OUVOMIIRG TERED eo. 5 og.5 onss.cond.o-cv overs oloeeere a Se “SSR ARuy SA ee opel ele aia eS. 
Se Cupania oblongifolia Mart. | | Be “Lea | | = 
ea ios var. anacardiaefolia Gard..............2.0.005. eee BR oe fe | ee a ee a Be Sp Mee ee es 
SIMARUBACEAE: | | aeakea | ae 
Picramia glazioviana Engl......................[s0000% | 1)15) 9} 6] 4] 1) 2} 1)..| 1. a Gamealvenieeals acl: 
Sa igi i (‘ts RG RRC meee AR YS OS Be a | rn ree 
SOLANACEAE: | fe are | | | 
ey Solanum leucodendron Seud.. ...............00eccleceeeelee ee so a) ee fee 1| eee eee ee 
a kgs NN er 5 aire ic yack -5 tein Os Sie SORA See SSeS Se as | ieee ee 
VERBENACEAE: | | | Sratae | | 
Vitex montevidensis Cham. | Pee eee 2 4 
Wat, gereetora PMANON..............6..0.0500000: Be es ae 0 eb fete [et A |e (nt | Pee Nemes (nd 
VOCHYSIACEAE: aah Sed Bt | Bea e ee e 
pale ii Vochysia bifalcata Warm........................| X sh dadeksk dobanded | 4] | i: Se eee eee 
Vochysia oppugnata Warm...................--- le aie aioli te hae = 
|" Species Unidentified: | | | 
|" DE eS rican eas rawr sik omwtdihls ante amides 8} 3} 1} 1 li. Po Ry ees od acksed ears (foe, ee 
a's BT SPARS SR Seti hes y cso on coed estos oem eles 1 Be] PEN Se ae oe a IRS eae! pecs eee «aU |e a eae 
Ba w... RPP Re & || 
ei ie ta Mt ee Soc xh casa nk ty ophacoe Rites oe valor 3}..| 1}..]. | ER 
| | E.. eee a ee OO OE TS eC ERT | ae | hs 
|-e|eo- erage ed a less 
oe *Found also at Fazenda Comart. 
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which may have a constant circumference irrespective 
of height; the individuals seldom grow more than 15 
meters high. 

The number of truly arborescent species is large 
in comparison with a temperate forest, but the num- 
ber of individuals of each species is small. Some of 
the more outstanding species of this type may be 
mentioned. The species Xylopia brasiliensis is char- 
acteristic of this type of forest and is not found in 
other types except as young trees. It is represented 
in the sample by a few young and several mature 
individuals and is fairly uniformly distributed in 
the forest. The species Tecoma longiflora is repre- 
ser ted in the sample area by several young trees and 
one immense specimen. In various parts of the for- 
est there are several other large trees. Clethra 
brasiliensis is a species represented only by large 
mature specimens; it is found in earlier phases of 
the succession and may be considered to be a relict 
in this forest. Two species, Alchornea triplinervea 
and Aparisthmium cordatum, are widely distributed in 
forest types and occur in large numbers. The family 
Lauraceae is represented by many large and many 
small individuals of several species. These species 
are probably an integral part of the more mature 
forests and, even though the individuals present in 
the research area are large, they are probably still 
young, because in most cases no flowers were seen. 
Most of these species are found in several types of 
forest. The family Leguminosae contains several 
interesting species. The species Sclerolobium rugo- 
sum occurs in fairly moist situations and is repre- 
sented in the sample by some specimens in a low, 
recently devastated part of the woods. The species 
Sclerolobium chrysophyllum is found in the forest 
only as large, old, and dying trees. This species 
definitely belongs to the previous phase of succession 
and exists here only as a relict. Caesalpinia sp. is 
clearly a member of the association, for it is repre- 
sented by many young individuals and some mature 
trees. The members of the family Meliaceae are 
found in many vegetational types. Trichilia angus- 
tior, which oceurs in various forest associations, is 
common in the research area. The trees Virola 
bicuyba and Hortia arborea are vigorous species 
represented by many young individuals and a pro- 
portionate number of adults and are limited io this 
forest type. These trees are one of the conspicuous 
elements of this type of forest and are therefore 
used in naming the association. The species Solanum 
leucodendron, which is represented by fairly mature 
individuals in the more recently devastated parts of 
the forest, belongs to the previous association in the 
suceession. Vochysia bifalcata is represented by 
several mature but no young specimens, indicating 
that the species belongs to the previous phase. 

The species of trees whose members never become 
large reauire little explanation. The general effect is 
to produce a definite middle layer of vegetation com- 
posed of these species and the young individuals of 
the large-sized species. The most important species 
is Croton salutaris, which is abundant and is found 
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only in this type of forest. It evidently appears 
simultaneously with this association; no specimens 
were found in the antecedent phases of succession, 
Because it is conspicuous and easily recognized, it 
is used in the name of the plant association. Several 
other species are conspicuous in the middle layer, 
Three species of the genus Casearia are common and 
never become very: large. The family Melastoma- 
taceae is represented by numerous species which are 
common and never attain a great height. The genus 
Guarea is represented by species which never rise 
above the middle layer of vegetation Three families, 
Myrtaceae, Nyctaginaceae, and Rubiaceae, are each 
represented by several species which are prominent 
in the middle layer of vegetation. Three species be- 
longing to separate families are also conspicuous in 
the middle layer of vegetation: Xanthoxrylon ob- 
scurum, Cupania oblongifolia, and Picramia glazio- 
viana. The palms are abundant, form a conspicuous 
aspect of the forest, and occur in several vegetational 
types. 

A few species are present in the research area but 
not in the sample strip along the trail. Some of 
these species prefer the lower, more humid parts of 
the forest. Other species are represented by only a 
few individuals. The families and species which are 
present in the research area but not in the sample 
strip are as follows: Anonaceae—Guatteria pogona- 
pus Mart.; Bignoniaceae—Tecoma chrytricha Mart.; 
Bombacaceae—Chorisia speciosa St. Hil.; Borra- 
ginaceae—Cordia taguahyensis Vell.; Flacourtiaceae 
—Myroxilon salzmannii Closs.; Lecythidaceae—Lecy- 
this retusa Spring.; Leguminosae—Tachigalia multi- 
juga Benth.; Ochnaceae—Ouratea multiflora Engl.; 
Euphorbiaceae—Croton sp. 

The succession which produced the forest in the 
research area has been given as much study as time 
and the state of botanical knowledge have permitted. 
It is now possible to make a tentative listing of the 
phases through which the forest passed. It should 
be emphasized that the division into these stages is 
the result of incidental observations. No frequency 
counts were made, and specimens were collected only 
when noted in flower or fruit. In spite of the tenta- 
tive nature of the succession, the listing has the merit 
of suggesting the possible history of the forest and 
also of showing that the principle of succession, 
which has been so useful in North America, may be 
used at least in certain parts of Brazil. 


Assuming that the land was planted in corn before 


being abandoned, we may trace the history of the 
tract. For a couple of years after the termination 


of cultivation the land remained in grass and weeds. 
The bracken fern (Pteridium) soon made its ap- 
pearance and grew very high. Small bushes or trees, 
principally of the family Leguminosae (Tachigalia 
multijuga Benth. is most important), began to grow 
while the bracken was still developing. This stage, 
which was probably the third distinct phase, is called 
in the loeal vernacular “capoeira rala,” which means 
sparse brush. In the next phase of the succession 
the trees began to gain ascendeney, and 2 species 
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appeared—a member of the genus Psychotria and 
a member of the genus Voechysia. These trees grew 
to a height of some 10 meters and shaded out the 
bracken and grasses. This stage is called capoeira, 
or brush. In the fifth stage,-one species became of 
primary importance; in the lowlands Sclerolobium 
rugosum dominated and on the hills Sclerolobium 
chrysophyllum dominated. Individuals of these spe- 
cies grew in close formation (Fig. 14) over a con- 
siderable area of land and shaded out other species 
of the preceding phase. The species themselves re- 
quire a great amount of light, which was provided 
in the preceding phase. However, they are not able 
to develop in their own shade, and no young indi- 
viduals may be found under a clump of Sclerolobium. 





Fig. 14. Almost pure stand of Sclerolobium chryso- 
phyllum. Note seareity of undergrowth. 


The Selerolobium phase is the last stage of the 
capoeira or brush associations and forms the tran- 
sition to the types called “eapoeirao” or high brush. 
This capoeirao is fairly mature second growth and 
is exemplified in the Teresépolis region by the re- 
search area at Fazenda Boa Fé. If no cutting oe- 
curred in the forest, the succession probably would 
continue on to the climax. In the present state of 
knowledge it is possible merely to suggest that the 
next phase may be the climax and may be similar 
to or even identical with the forest of the slope of 
the mountains. 

Coincident with the changes in the arborescent 
plants great changes in the undergrowth naturally 
oceur. The underbrush in most phases consists of 
young plants and herbs. In the Hortia-Virola-Croton 
association, however, great numbers of small- and 
large-sized bamboos appear. These often form im- 
penetrable thickets and shut out much light from the 
forest floor. The growth of bamboos reaches its 
highest development in this phase. 


Fazenpa Comari 
The research area at Fazenda Comari (Figs. 15, 
16, 17) probably has not been cleared for 200 years 
and perhaps never, even in the time of the Indians. 
However, because it is situated near a mountain pass 
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Fig. 15. Reservoir and forest, research area, Fazenda 
Comari. Note hill in background. 


in use for 300 years, the forest has undoubtedly suf- 
fered some alterations. In 1885 the forest was con- 
sidered virgin, and a painting shows vegetation ap- 
parently identical with that of the present. Cer- 
tainly since that time there has been no clearing in 
the forest. It is likely that this plot of forest is 
practically identical with absolutely virgin, unspoiled 
forest, and may be considered as the climax for this 
particular soil and elimatie type. It should be re- 
called that the differences of rainfall between Fazenda 
Comari and Fazenda Boa Fé are so great that it 
can not be assumed that the forest at Fazenda Comari 
is the climax of the forest at Fazenda Boa Fé, al- 
though this is possibly true. 





Fig. 16. Trail in research area, Fazenda Comari. 


From the exterior the forest presents a uniform 
appearance without any outstanding species; only 
the numerous palms may be distinguished from other 
trees. From the interior the forest is relatively open 
and free from vegetation near the ground, and there 
is a distinct middle layer of vegetation. There are 
no bamboos except near windfalls and along the edge 
of the artificial pond. Lianas and epiphytes are 
common. The forest is about 30 meters high. 
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TABLE 2. Composition of a sample of Callichlamys-Vochysia forest, Fazenda Comari. 
In the first column X indicates timber and XX indicates firewood. 
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Species 


ANONACEAE: 


ES OE a ee: | 4 
Guatieria australis St. Hil..... 2.2.0... cc cfe cece cdesfes | 
Guatteria pogonapus Mart................ 


APOCYNACEAE: 


Malonetia lanceolata Mill. Arg.*.......... Jeceeecdesfeede = 


ARALIACEAE: 


Didymopanaz maratotoni Decm.*......... 


BIGNONIACEAE: 


Adenocalymna comosum Bur.............. 
Callichlamys latifolia K. Sch... ........... 
ee ee 
Tecoma longiflora Bur. et Sch.*........... 
Tecoma umbellata Sand..................- 
Zeyheria tuberculosa Bur..................- 


BOMBACACEAE: 


Se eee oe] Sf eefeeleede ed. 
Chovana species St. Hil.................. eeeecelec[ecleedes 
Quararibea turbinata Poir................. 


CARICACEAE: 


Jaracatia heptaphylla (Vell.) C.DC.*.......|--+--- sioks sy heiende Mx the Be oles 


CLETHRACEAE: 


Clethra laevigata Meissn.................. 


EUPHORBIACEAE: 


Alchornea iricurana Casar.*.............. 
Alchornea triplinervia Mull. Arg.*......... 
Aparisthmium cordatum (Juss.) Baill.*.... . 
IN ora ook Gia Bi ccccacetaweorelGareadire 00 


GUTTIFERAE: 


ECO Ce ne oe 
Rheedia calyptrata (Sch.) Pl. et Tr.*....... 


LAURACEAE: 


Acrodiclidium parviflora Nees.*............ 
Aidendron floribundum Meissn............ 
Endlicheria hirsuta Nees.*..........:.... 
Nectandra amara Meissn................. 
Nectandra lanceolata Nees.*.............. 
NI Ii o6 og Son. .9'o viniie pina viveee 
oot nn a6. rar vine emeraenels 
I ona 9 5; v wioras & Sn eeeve the 
Ocotea divaricata Mez.*.. .......ccccccces 
Ocotea indecora Meissn................... 
Ocotea organensis Mez.*................. 
Ocotea sassafraz Meissn.................. 
eee MONNUNNEE DOOR. 6.5 o.0c cee cicees ve 
SIMU ae ciarcidla cw y'x wiei's é:siereree%s 
Oreodaphne confertiflora Meissn............ 
Oreodaphne glaucina Meissn............... 
Oreodaphne schottii Meissn................ 
Persea microneura Meissn................. 
a) A | aa re 
Urbanodendron verrucosum (Nees.) Mez.*. . 


LECYTHIDACEAE: 


Cariniana domestica Mart................ 
Cariniana excelea Casar.*................ 


LEGUMINOSAE: 


I or athe. eee ol mdls'wrscne.s 
Piptadenia micracantha Benth.............| os ee ed 
Pithecolobium glaziovii Benth......... 2.2...) 020+ +}ee}er}eelerle- 
Tachigalia multijuga Benth............... + 


MELASTOMATACEAE: 


Leandra acutiflora Cogn.. ................ | 
Leandra breviflora Cogn.................-. 


Miconia brasiliensis Cogn.* 


Meriania claussenii Trian................. 
Meriania glabra Trian... .........-...500| 
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TABLE 2. (Continued) 
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Species Use [> 1 aan Gee: aN ESR Ie DB 0 1 1 1 1, 
5} 10)15|20|25|30|35| 40|45|50|60|70|80/90} 100} 125) 150) 175|200|225| 250/275 
9} 14/19 24|29|34/39|44|49/59|/69/79/89| 99) 124/149) 174) 199|/ 224/249) 274/299 
IS Sn me |__| || 4¥|4—| $$ | | —— meee’ eS 
MELIACEAE: | | 
Cabralea eichleriana C.DC.*.............. Jace] o-fe-fe-feefefefe-feefeede-fe Hea Ue oS &. 
Codvelia fattha VEN... 5c. eee cece ss Bw BeSse ee ee So er ie Ps 2). 1 
Cedrella glaziovit C.DC.*................. | me | ae ee | 
Cedrella velloziana Roem.*.............-. | X Jo e|e-fefeefee[eefeefecdeedee[eefeeteefee[e es o. 
Trichilia angustior Harms.*.............. | ie» siece||:<sif adele 9s eae fleet alert acted eed arat ems 
MyYRSINACEAE: | | | | 
Rapania brasiliensis A.DC............... Peres Re eale ene 
Rapania ferruginea Mez.................- Jo ccee. L vcfcet Misses fe e]e-] 
Banana venasa ADC... 2... 506 ck cee cee Be cecil | a.34 Sle 2] Mito beakeelaehe af 
MyRTACEAE: | | | | 
UMN Poo Sonos yore asc ile-p!aiucet nie Shy rn ee als Jaf Sf] 2 1\. 
Gomidesia spectabilis Berg.*.............. Biss sara | 2) 3} 1] 5) 2) 3). ( |. Sale 
ae ae ee eee ee bcisateaills athe cele abcde a tsalies ; lj. Ae 
MPI SS Ar Vics’ tenor ee Be (Pe st (ee (ee (|e | 2}. 
t= ae a laietpetee Onin, ais, a ates 1) a bs vedonatlosed Sean 1). 
PALMACEAE: | BaeeEe | | 
Astrocarium ayri Mart.*................. Jo asees | 2 specimens ry (el bal Fee ae Se 
Attalea humilis Mart.*................2-. ooo | 4 4 specimens ai fs i ' me) nes Pee 
MN AUN Eo Sa, oo oso sis''s 0s ein Os Fressifotoys | 1 specimen Stivsteatre a ‘| ie ee 
I osu co oc s daiwa: oats ons ws el erearavesacous Rinse ists | Al..[ D)..|..]..J-.f- fe] acall cavcll nw nl 
NI ces oer ecole osmigisis. oe meee aie aS Pedea & Oh. k Ske ek hl cece 
Euterpe edulis Mart.*....... eee ae Ree eae a a SO I BS 
DION soo a eecee sis ukceaws Ste en pownees f ccofostl iio ha cll mee . hay Ae ee 
ES en eee Seen (emer. | .| 1) 1) 2) 8) 3 | 
ROSACEAE: | | 
Hirtella hebeclada Moric................-.)ee000° fe e]e ed | vee UR RR RS, ea |e IE ee ree, 
Licania spicata Hook.f*................-: XX ie ae 1} 2 3) 4 2) ne i Y 
RUBIACEAE: = .- 4 
Faramea occidentalis Mull. et Arg..........)---++- 15) 7/45). . oe oe ee oe ee ee ees 
Posoqueria latifolia Roem. et Sch..........|.---+- 4) 4/ 1\. sieved asl ssh 
Posoqueria macropus Mart.*..............)+2++65 -|..| 3}..]. sdixalliaelic gee 
Psychotria clavigera Mull. et Arg..........)------ Re ae ae tae |e 
Psychotria desencostata Mull. et Arg........|------ 5] 6/13). .|. F| ah eer (Oe 
Psychotria estrellana Mull. et Arg..........|.-+++- 14| 3} 5). Heileslezlt 
Psychotria leocarpa Cham. et Schlt.........|-----. 17| 2\. |. A os ye te 
Psychotria longepedunculata Mull. et Arg...|....-- By Al shs.<f: BS ag fo ee Ts 
Psychotria nuda (Mart.) Wass............|-+---- 13/81/12). .|. be Se oe 
Psychotria platipodinia Mull. et Arg.......|---+-- ie es 5 hae Pas (ee (oes (aes ae, eas ee (oc 
Psychotria pubigera Mull. et Arg..........|.--+-- 2| 5}. ' x |. By Moltaceliorall eisiell war ore cAsiee 
Psychotria subspathaceae Mull. et Arg......|.----- | 4 1)..} oe]ee}se[- ae SS 
Psychotria terminalis Vell...............-. ae 1131) 8| 3}. “fe .|- >| [a tae! | 
Psychotria verticillata Mull. et Arg......... (ae | 6} 3)..|. ofoe]s of oe} ras alecwrates 
SAPOTACEAE: | | | 
Micropholis cuneata Pierre............... | re one Be ar if Be sae es ; 
OE RS a ay ae hemaenerery tee raretcond Wei, (Sev Pars, Sc | ee 
RT or yn os ora g «Se sgcanacnvs 6 Hose | ee | abe 2G Ee BS aoe e. | ae |e ER | a 
SYMPLOCACEAE: | Bazaaee = 
Symplocus variabilis Mart... ............. | ee ee Zi. Aes oe! Serene =e 
THYMELIACEAE: odd | | | 
Daphnopats coreaces Mart... 2... 0c scce.Joccecel estes Bl AD). .].e[eefe fe efeefec|ecfeefecdeee/e ee} cele celine. 
VERBENACEAE: | ey Reg | | 
NNN 20 Jn 8 oi oc onciidlis's eos aie eo alee ers rare t  obeateates e BP es (ae ‘ee (Ree | eee a ee, | as Ae 
VOcHYSIACEAE: a | | ae a | e 
Vochysia laurifolia Warm................ X | 2) 6. ies... ch J... ef. -] 3f..] 4] 7] 6) em (eas! ae | 
Vochysia saldanhoii Warm................ x ia Diccleckoo ane 4 ; ) * -| 3 |. Ree ne | 4 ae ee 
Species Unidentified: | | | | | | Bee | 
| SEE eines I aS Ree ORE, Cee es ae I: |: 2 P (Re |e |e ee (ne [Se 
OR les ts haa oan sy bh an as ee eA eS papal a 1 et vfs , 
io eta vc cid aes Bees 6% a eek BRR Se Be ee gy OF st 
_ EE peepee: wee |.) ems RPO RAOST Bee Oe OP ee 
aA Raa aeons, ee & C2 ek wR se as ss EK es 
ORR Toner ai anaieg sit laed Re eae et 
_ ESE EE ieee Ne ST PCat Ree: mae BGS SRE Mi Rae Feo ee Oe FOR Se Se Fe 
| | |_| | | | ee 








*Found ie’ in Seta Boa Fé. 
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Fig. 17. Wide part of trail in research area, Fazenda 
Comari. 


The individuals of each species were listed accord- 
ing to size (Table 2) to determine the composition 
of the forest. All specimens were counted along a 
trail in a band 3 meters wide and 750 meters long. 
In making comparisons with the research area at 
Fazenda Boa Fé it should be remembered that the 
sample area at Fazenda Camari is only two thirds 
as large as the area at Fazenda Boa Fé. 

The species may be divided into 2 groups according 
to the size of the trees at maturity. The number of 
truly arborescent species is large. Some of the more 
important species may be mentioned. In the family 
Bignoniaceae, 3 species of Tecoma and 1 of Zeyheria 
are represented by several mature individuals but 
by no young specimens. The species Callichlamys 
latifolia is represented by several mature trees and 
some young individuals. It is used in the name of 
the plazit association because it is limited to this type 
of forest, is large, and is apparently influential in 
the community. Among other families there are many 
large species. Clethra laevigata is represented by 
numerous large and small individuals, but the trees 
are nearly always leaning, and hence presumably 
exert little influence in the community. The family 
Lauraceae contains the most abundant group of trees 
and has many species of large-sized trees represented 
by numerous individuals. The Meliaceae are likewise 
represented by several species. The Vochysiaceae 
are“represented by 2 species, 1 of* which is used in 
the name of the community because of its abundance 
and oceurrence at all ages. 

The number of small trees is striking and the in- 
dividuals form a definite middle layer of vegetation. 
The species belong to relatively few families, and 
each species is represented by relatively few indi- 
viduals. The families Anonaceae, Melastomataceae, 
Myrsinaceae, and especially the Rubiaceae contain 
nearly all the species. 

It will be noticed that there exist a number of 
species represented only by large mature trees, as, 
for example, 3 species of Tecoma and Cedrella. 
These species show characteristics of relicts from a 
previous stage in the succession of the association. 
However, they are relicts in the sense that these 
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individuals have grown up in the numerous windfalls 

which produce the conditions of second growth but 

are merely a transient feature of the virgin forest. 
THE ANNUAL CYCLE 

An annual eycle occurs in all organisms of the 
forest community in response to the environmental 
conditions. During the year’s work at Teresépolis, 
the interrelations of plants, mosquitoes, birds, and 
mammals changed progressively. In pages 260 to 286 
each of these groups will be discussed separately; in 
pages 286 to 289 the 4 groups will be considered to- 
gether in a discussion of the seasons. 

The weather during the period of intensive work 
from June, 1942, to June, 1943, was somewhat 
abnormal (Fig. 3). The 12-month period at Var- 
zea, Teresdpolis, had greater rainfall than normal 
(1830 mm.). In July, October, and January the 
rainfall was greater than average. In May and June 
the rainfall was less than average. Table 3 gives 
the rainfall at each estate during the periods of work 
and shows that the rainfall on the edge of the moun- 
tains (Fazenda Comari) is much greater than the 
rainfall a few kilometers inland (Fazenda Boa Fé). 

The temperature throughout the year was definitely 
cooler (17.61° C.) than average (18.25° C.). July, 
August, December, January, April, and May had 
lower temperatures than average. Only June was 
warmer than normal. 


PLANTS 

The annual cyele in the forest presents only slight 
changes in aspect. The forest is always green in 
appearance, but some trees lose their leaves in the 
months of July and August. Only a few species are 
truly deciduous, but one of these (Cedrella fissilis) 
although not common in the forest is, nevertheless, 
tall and conspicuous. The semideciduous species lose 
most of their leaves in the months of June to Sep- 
tember. Enough leaves fall from these trees to form 
on the ground a layer of dead leaves made conspicu- 
ous by their dryness. The undergrowth is always 
present, however, and has the same color and height 
in every season of the year. But in spite of the rela- 
tive uniformity there are distinct changes in the ap- 
pearance of the forest caused by the development 
of flowers and fruits. 
> Although some trees are in flower in every month 
of the year, there is a peak in the number of species 
during the months from December to Mareh and a 
lesser peak in the month of August. The prepon- 
derance of flowering trees from December to March 
gives the forest a somewhat different aspect in these 
months. 

The presence of fruits also shows 2 peaks: 1 in 
July, August, and September, and a lesser one in 
December and January. It is interesting to note 
that these peaks oceur about 6 months after the cor- 
responding peaks in flowering species. Although 
more fruits are present in some months than in 
others, until the feeding habits of birds and mam- 
mals are better known, it will be impossible to de- 
termine which fruits influence the animals. 
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July, 1945 


The months in which flowers and fruits were eol- 
lected are noted in Table 4 by erosses and circles 
respectively. In those cases when, for example, 
flowers were collected in January and March but not 
in February, it is likely that flowers were present 
but not observed in the intervening month. 


MosQuiTores 


One of the striking changes in a forest during the 
vear is the increase and decrease in number of in- 
sects. For ecological studies of yellow fever the 
variation in numbers of mosquitoes naturally assumes 
primary importance. The system of trapping, as 


TABLE 3. Rainfall during investigations May, 1942- 
September, 1943. 
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TABLE 4. Months of flowering and fruiting, and per- 
sistence of leaves in Hortia-Virola-Croton forest, Fazenda 
Boa Fé. 

In the columns below X indicates flowers and O indicates fruit. In the last 
column: P persistent; D deciduous; S semideciduous. 





FLOWERS AND Fruit 


| 

* 

| 

| 

| 
| 
| 
| 
| 
| 
| 
| 
| 


Species 
(refer to Table 1 for 
complete name) 


November | 


| December 


| September | 
' 


| October 
| January 
| February 
| March 

| April 

| May 
Leaves 


| June 





ANACARDIACEAE: | 
Schinus terebenthifolius ..| X |...|. 
ANONACEAE: | | 
Xylopia brasiliensis. ....|...|...|...)...)}0|0 
APOCYNACEAE: 
Malonetia lancelata......|...|...;0|}0/0/)0 
ARALIACEAE: 
Didymopanaz 


x 6S 
“x = 6S 
“ 
tal 
tal 
a] ~ 


a 
a 
~ 





















































Fazenda Boa Fé | Fazenda Comarf 
iD ae : x... = ae a During 
Between periods periods Between periods periods 
as Rain|  |Rain| |  |Rain | ) Rain 
From | To in | Date in | From | To in | Date | in 
| mm. | mm. | mm. | | mm 
|\June 27} 41.0 May 28 | 4.0 
| |" 28) 41.0\June 1\June 29|125.0) ae 
June 29/July 15 | | July 5 | 27.5 
| July 16| 2.0\July 6\July 22\274.0) | 
July 22|Aug. 12 | | " 24 |187.5 
|Aug. 13] 13.8) ee | 38 
| ” 14] 10.0\Aug. 1|Aug. 20/158.0| | 
| | Aug. 26 | 65.0 
| | » 97 | 60.0 
Aug. 19\Sept. 9] ,. [Sept. | 0 | " 28 |Sept. 16|136.0| 
he | Sept.18 | 2 
Sept. 15)Oct. 9 3 Sept. 24/Oct. 21/502.0) 
= |Oct. 15| 2.0 Oct. 23 | 2.4 
= | * 46), 6 Oct.24 to 30 |300.0 
— - Wi £0 Oct. 31 | 1.0 
2 | ” 18] 2.0\Nov. 5|Nov. 18/337.0 | 
Oct. 21)Nov. 11) = Nov.18 to 21/139.0 
E |Nov. 14| 2.0 Nov. 22 | 12.0 
3 " & Ses 7 aa 31.0 
& " 17| 7.0|)Dec. 1|Dec. 19|554.0 
Nov. 18/Dec. 10) s Dec. 25 | 26.0 
Dec. 11} 7.0 " 28 | 34.0 
| " 15] 7.0 a 26.0 
" 16) 2.0)Dec. 30)Jan. 17/564.0 
| | " fi Bs Jan. 17 to 19/214.0 
Dec. 18\Jan. 7| ”19to21| 3.0 
| } Jan. 8] 15.0 Jan. 26 74.0 
| | " 9) 14.0 ~ 4.0 
| ” 12) 7.0!Jan. 28/Feb. 21/490.0 
" 15) 6.0 Feb. 21 6.0 
| | ” 16) 6.0 "2m 14.0 
| " 17] 3.0 "9 | 50 
Jan. 18/Feb. 11) 50.0 Feb. 28/Mar. 20/200.0 
| |Reb. 12] 20.0 Mar. 21 | 20.0 
| | ” 141 6.0 "os 6.0 
” 15} 19.0 “2 12.0 
” 16) 12.0 - a 8.0 
| ” 19} 12.0)Mar. 28/Apr. 16/490.0 
| | * 90) 22.0 Apr. 18 |239.0 
Feb. 21/Mar. 11/100.0 " 19 | 90.0 
| Mar. 16| 5.0 ” 22 |330.0 
Mar. 19/Apr. 8/104.0 " 25 | 40.0 
Apr. 12) 50.0/Apr 26|May 21] 68.8 
Apr. 15|May 12] 32.0 May 27\June 16) 29.0) May ¢@ 
May 0 June 19 | 5.0 
May 20\June 9] 22.0 ” 90 | 55.0 
| June 11} 2.0 June 26'July 29) 55.0 | 
June 16/July 21) 5.0 | July | 0 
| Aug. 3 Sept. 10'313.0 | 
jJuly 0 | 
Aug. 3/Sept. 2| 46.0] 
Sept. 0 | Sept. | 0 
a  e | | 











Didymopanaz 
longepetiolatum. ... . m Ae he 
Didymopanaz maratotoni.|...|...| O 
BIGNONIACEAE: 
Jacaranda puberula... .. ial Te | ae on oe on ee ee ee ae 
Sparathos perma 


oo 
a 
a 
” 





Tecoma longiflora...... ey ers i ees Se Cee De be Pa We 
CARICACEAE: oq 

Jaracatia heptaphylla....| O}...|...)| X| XK |X ie 

CLETHRACEAE: | 

| 

| 








Clethra brasiliensis... . . a re re ee eee ee ee x| 
CompositaE: 
Veronia diffusa........ 1...) | 1 X]..1 O10 
CYATHEACEAE: } 
Dicksonia vellosiana.....|...|...]...}...)...[00.Jeefeede dd. .1P 
EUPHORBIACEAE: 
pg AR (en cor ery POR ee Ree (ee ee (ee I 
Alchornea triplinervia....|...|.-.|...]...]...[...]...| KX] X oO 
Aparisthmium cordatum..|...|...|...|...|...)...]) XK) XI... 
Croton salutaris......... Pe he) ee ee (Re ee 
FLACOURTIACEAE: 
Casearia inaequilatera ...|...|...}O0}O]...]...}...]...]... 
Casearia pauciflora......|...|...]...] O}...|...]...]...1X 
Casearia sylvestris....... BR oe encdeectec Ope 
GUTTIFERAE: 
TI sass sa sib nche ocdecahiiccleccdaco tMe TOL. 
Rheedia calyptrata....... Det ee Pee em ee 
LAURACEAE: 
Acrodiclidio parviflora...|...|...| X}...]...]...]...1...1 Of...1...]... 
Endlicheria hirsuta... .. . es rs ct ares ay (meet |! rere heatiy oee Aee f 
Nectandra lanceolata.....|...)...| X}...J...)...]...)O}...[...}... 
Nectrandra pichurim..... SPP ee | eet (Sees Mee Ras ei LSB, Jigme eye 
Nectandra sp.a......... Jesters lcws ocak a cedee sh SO ivicelwa cle ce ae. 
Nectandra sp. b......... ee oe ee ee ee ee oe ee) 4 ee 
Nectandra sp.c......... Mee aS ee rem eee, ees Sen |: ees (ame Le 
Ocotea divaricata . rs are aay St Sees eee ae He PN Ea eee 
CE, 5. oc). cclvisdne he bc loosts ccd Obeecl RAL 
Ocotea teteiandra........ me oo 





Me MO: 
: 
~ruotd Does 


Oo «K 
tal 
~~ 





sv wv VVU VU UU 





5 
: 
: 


LecyYTHIDACEAE: } | 
Cariniana excelsa....... seal vne|seefresdss «1 O | O1GM 
LEGUMINOSAE: ee 
Caesalpinia sp.......... tA ie ei PARA a GS Ue Uc a 
Piptadenia micracantha..|0|0|...|...|...)...|X]X}x|...|.. | 
Sclerolobium bold 
chrysophyllum........ Re fee, eG ee ae es Pe 
Sclerolobium rugosum....|...|...]...]....}0]O]...]...)XK]X/X 
MELASTOMATACEAE:* 
Leandra dubia......... 
Leandra nianga......... eA) Se EA Pee) tee See) ee 
Miconia brasiliensis... .. oe: eR OS er oe ee es ee ee ee 
Miconia gilva........... SE leet Se Se RE 
Miconia latecrenata......|...|...|...|...].. 
Miconia organensis $a Neagle cal eedh hatte ache Valarey ies oe 
Miconia theaegous....... sk eee (a eee a > 


*Neither flowers nor fruits were seen in the case of species for which no data 
are given. 
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Hortia-Virola-Croton forest, Fazenda Boa Fé Hortia-Virola-Croton forest, Fazenda Boa Fé 
In the columns below X i indicates flowers, and O indicates fruit. In the last In the columns below X indicates flowers and O indicates fruit. In the last 
column: P persistent; D ; 8 se column: P persistent; D deciduous; S semideciduous. 
FLowers AND Frurr FLowers anp Fruit 
Species Zzxks chy Py ee ae its, Sal ect —_ Ss as ee ra 
(refer to Table 1 for | an Ble 3 | & = e | (refer to Table 1 for | | Pm | x & a le] | | 
complete name) S 3 | = 4 3|& 3 g < =| >, : complete name) 7 &|3 | Ele | Pl |e | | e 
SIS/2IF/2/F/z| 5/21 3| El2) 8 BlalSiSiSiele/2/S/Ele\o\§ 
ices Loe a eed ko sot oral sou sal Sond inc od hal sé = \8 |S) (6/8 / 2/2) 2/2/48 
MELIACEAE: ae Voc "EAE: Phe eed & 
. AB: Be | OCHYSIACEAE: —_ | 
Cabralia eichleriana |...|- ++] 0} O |OX| X |P Vochysia bifalcata. . | 0;0 | | | ae X}.../ x] .tP 
2 sch Les | : “4 | . ~ - : Vochysia oppugnata. . | O | Fee Be a a x | > ae |-+ P 
rella glaziovit. ‘ a —-----— —|—-| —|—|— —|—|—] —|—— 
: . | | | | | | | | ee 
Cedrella velloziana. . . . 10) X|X| 0 | D Total species in flower 6| 7 |1 | 8/319 |12 |25 \27 115 5 | 7 | 6 
Guarea alternans | 0 X|xX : od O|P Total species in fruit 14 oe }25 |18 |11 |12 |16 16 | | 8 4 14 lu 
Guarea rosea. . eo O | O |OX|XO}. O|P | | | 4 
Trichilia angustior 0/0 =| P ion lee : <r 
Moraceag:* | 
aoe sp. : : Callichlamys-Vochysia forest, Fazenda Comari 
‘ecropia sp. b. |. 
Cecropia sp. c.... ? ce) a ee ive a ies ; eo —$<—$——_ 
Ficus sp... 0/0 X |X}. | P ANONACEAE: | | | | 
MYRIBTICACEAE: | Anona sp. -|---{0}O0/}...)X]X) XIX P 
Virola bicuyba 0/;0/;0;0 xX xX r Guatteria australis 0/0 BRE ae ot Se ae ee Bee 
gr ‘ Guatteria pogona pus X/}X/0/0/O/P 
‘alyptranthes aromatica a! [oof APOCYNACEAE: 
Camponadesia | | . Malonetia lanceolata... . 0;0;0;0 ae... P 
prothecesepala..... Ra ARALIACEAE: 
Eugenia magnifica soe vee | : Didymopanaz maratotoni.|. . . 0;|;0 =) at.. P 
Eugenia sp. a. : Jovedece]e + i BIGNONIACEAE: | 
ee “re | | | | : | | 
Gomidesia spectabilis.. . . “7 .| 0 X|X}...]...] P Adenocalymna comosum..| X |X| X}...]...]...]0]0}...}...], .|P 
Marliera sp.. . a ae > Callichlamys latifolia....|...|...)...}...|0| 0 SitXi Zt...h.9 
NYCTAGINACEAE: Tecoma alba............ ti ge SP} ee Pee epee 0/|0|D 
Pisonia aculeata . +oefe | X/}X/0/0].. | P Tecoma longiflora. . Se a ae ee es 
Pisonia cafferana X|X/0/0 . . | P Tecoma umbellata . . il sal a ae ee ee 0|D 
Pisonia nitida . 2 0|0;0;0}.. | P Zeyheria tuberculosa..... | 0;0 Ae ae ae 4 | P 
OcHNACEAE: | | e BOMBACACEAE: | 
Ouratea multiflora |...] X| X 0| 0}. E Ceiba Rivieri........... [EP H...<}...}.-</ pe sof mee <i). 
OLACACEAE: } Chorisia speciosa lo ziz 0;0/|D 
| —s Chorisia speciosa...’... . | 7 oy inees| 2 Bee Ni 
Heisteria stereoneura. }0}0 xX | x P Quararibea turbinata.....| X 0|0| Bee 
PALMACEAE: Na sean ena tee | | | 
A A Caricac EAE: | | 
Astrocarium ayri. . |- vols Jaracatia heptapylla.....| O X/|X/|X Seis 0;|D 
Attalea humilis... .... ee CLETHRACEAE: } | | 
Attalea indaya Re ee, Ae ‘ “. & oS Clethi la igati | |x x | 0 P 
, ya. } ral x =\¥ . lethra laevigata... . ie a |-- 0 
Cocos sp..... of Teach cepe O}.. UPHORBIACEAE: 
Euterpe edulis : | i) Se | Bei x . Alchornea iricurana.... .| ; Br, Exe ee) ee eee 
Euterpe sp. ime) i a See: 2 I Alchornea triplinervia.. . . | i4 ey ¥ heen} Ae | adn ed A ae 
PIpERACEAE:* | | | Aparisthmium cordatum . ee |. Ri, ‘ae |X] X]...;0]/010]/P 
Pig op...... -| . a oe CHIR. 655d e6ccccvis 0/0 of EL 8 
Rosaceag: | GuTTIFERAE: | 
Hirtella hebeclada. . . 0; 0}... Zidi...i. ini Kielmeyera sp... ee eselocel OPO |.) ESL ae 
Licania spicata. ..... 0/0 soe ae P Rheedia calyptrata 10 ae ae ee 0;0;0;P 
Parinarium | LAURACEAE: | 
glaziovianum 0;0/0 x|}X |P 4 iclidi ; | | | 
seeeeeenefers . Acrodiclidio parviflora. . .|. . 2 4 Ge ae | 0 hee 
RUBIACEAE: ahs | » Aidendron floribundum . .| i x | or Dae me: 
Bathysa cuspidata. . ae ree ae Oe Sone . be | | | 
7 y prdate ie Alte slololxlx |» Endlicheria hirsuta. . ed tad bd 0 |: |.» X|P 
‘osoqueria macropus. .. . | 0 . Nectandra amara id |. Ben aes eee |: Red We Pe 
Psychotria longipes vesee]s Nectandra lanceolata Ta 2 ee Be ae el eee i Pe ee 
Psychotria parvifolia. . |--- Nectandra sp. d ee eR a | ee ae fe es 
Psychotria sessiles ‘i Nectandra sp. € | et a | a ed 4 | the 
Ruracear: | g Nedsidrasp.f......... ae ee (erg (0 | 0| | L. ioe 
cae arborea.......... X |. = 0} O}...)...]...] X ; Ocotea divaricata > ne ae a Ee | | ..|O]}P 
Pilocar pus giganteus . in Sr Pel Se Se AEA | Fae! Meee Se) ictus cadena fete |p 
Xanthozylon obscurum. . og | Jere] | P Ocotea organensis...... } Bh lee, |e |. ..|0 ee a ee ee P 
Xanthozylon rhoifolium. .|...|...|... |: oof - | P Ocotea sassafraz | 2 1 lie |. Fe ee : ; 10 | P 
SAPINDACEAE: | | ; | | | Ocotea teteiandra coe Ore we | 0 | | P 
Allophylus sericans | | X|X oH OU a 0 a ae ..|P Ocotea sp. b...... | 10 a: ee Be 
Cupania oblongifolia. x}... \* | -.| 0 | 0 x | P Oreodaphne niall. 5 | “| he a | xX P 
SIMARUBACEAE: | a a ae | | | BS) 
Picramia glazioviar | xX | x | | 0;|;0 P aps ne — | BS a lx | = | | P 
ia g ana... | face) sas Sa Jr] fe Oreodaphne schottii |. ‘ _ }X |X ‘ | 
: Picramia sp........... se Nae hil ea 0 |" E Persea microneura ths.8@ | : Py ie P 
SOLANACEAE: | | | | | | Silvia navalium . } ja | i.. | > | P 
| - ‘ ie | | 
Solanum leucodendron O |e ee — Xx | x | oO - Urbanodendron verrucosum |x |: |. . sels . | 0 .|P 
Solanum Wi..s.. X |X Jrve[eeefeeelers 0 O}.. sfere E LECYTHIDACEAE: ee ee hoe 
N SREOMACRAR: ; tet a ri Cariniana domestica .[---]--- 010 Bee ce. oe dee | P 
Vitex montevidensis A) g Mie a ed oe x| “i Cariniana excelsa. . . : 4 <i | O | O |XO| X P 


*Neither flowers nor fruits were seen 


are given. 


in, the case of species hie which no data 
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TABLE 4. (Continued) 
Callichlamys-Vochysia forest, Fazenda Comari 
In the columns below X indicates flowers and O indicates fruit. In the last 
column: P persistent; D decid 8 











FLOWERS AND FRvIT 


| 
| 
| 
! 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Species 
(refer to Table 2 for 
complete name) 


| September 

| October 
November 

| December 

| January 

| February 

| March 

| Leaves 


| June 
| July 
| August 





LEGUMINOSAE: 
Caesalpinia sp..........| O 
Piptadenia micracantha . .| O se : 
Pithecolobium glaziovii...|...} 0} O}...|-... 7 
Tachigalia multijuga... .|. Oe es (RN Oe wh Pee ee ae 
MELASTOMATACEAE: 
Leandra acutiflora.......|...|.--| O 
Leandra breviflora ......|...|---| O 
Meriania claussenii. mY NAR es See ae 
Meriania glabra.........| X | X}...]-..]---]---]-- ‘ 
Miconia brasiliensis. ... . 2) eee Ae ee ‘ Re ie 
MELIACEAE: 
Cabralia eichleriana..... Te ee 
Cedrella fissilis eres kk | ee ee 
Cedrella glaziovii........|0}9)}O}...]... 
Cedrella velloziana | eee ee eee, ees 
Trichilia angustior...... Snaten EPO t... 
MYRTACEAE: 
Eugenia sp. b..........-|...] O}...]e--feee|ee ede ce feeedere [eee] eeefe es 
Gomidesia spectabilis....|...|-..|...]...]...]-..] Of...] K] K]...]... 
PALMACEAE: 
Astrocarium ayfi........)...]e ee} cc fe eee ee [eee decode ee fee efe rede eedeee 
Attalea humilis......... ey: Se) Oe ee a) ee SR RR 
Attalea indaya.......... eee ee ee Se San Bee ee ee) ee ee eee 
Cocos sp. a. . Pe See, ee ee aw ay sobs cabivaeheed 
Euterpe edulis.......... eS es eee gee ee |S Ae eee (es oe 
A ee ~  Aclece MM E's aoe sob 06 Mesilla ies 
pS Pere (Pee, erry Ae amis ee ey core ae ete ml. 
ROsaceAk: 
Hirtella hebeclada. ......|...| O 
Licania spicata.........|.. 

RUBIACEAE: 

Faramea occidentalis.....|...|.-.}. 
Posoqueria latifolia......}:..| 0| 0 
Posoqueria macropus.. . .|XO|XO| O 
Psychotria clavigera......|...|---|... Te ee 
Psychotria desencostata mm XO} O }.. 
Psychotria estrellana.....|...\--.| X XO} O}... 
Psychotria leocarpa......|...|.--|...].--|--.]---| X 
Psychotria 
longepedunculata......|...|.-.|...|--.|...J--.| X x0} 0/0 
Psychotria nuda..... . Pee mre oe VE Ut eG eee ee 
Psychotria pubigera...... he AOE, heeobescterene ss 
Psychotria subspathaceae.|...|..-|...|---|---|---|->+ 
Psychotria terminalis....|...|...|...| X | X |XO} O}...]...] a 
Psychotria verticillata....|...|...|...)-..e.-]eeedee X0/ 0} O}... 
SAPOTACEAE: 
Micropholis cuneata.... . iy CR) eae ee Vee, a 
SYMPLOCACEAE: 
Symplocus variabilis.....|...|...|...]...]...J...[---Je--[---]---| |X] P 
THYMELIACEAE: | 
Daphnopsis coreacea.....|...| X | X|...| O 

VERBENACEAE: 
Cytharezylum sp.........|...|...|...]...] O] O]...] X]X 
VocHYSIACEAE: 
Vochysia laurifolia. . ae gulowels oe 

Vochysia saldanhoii..... . CS ee ey ee Hee Se Vey fe 
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Total species in flower.....| 6 
Total species in fruit... ...|14 


12 |10 | 6 | 9 |23 |33 |34 |16 | 9 | 7 
22 |14 |13 14 [15 | 8 | 8 {11 /10 [16 












































described in the section on methods, was devised in 
the hope of being able to determine the changes in 
the numbers of individuals of the various species. 
In this section the results of the trapping will be 


discussed from the viewpoint of changes in absolute 
abundance. 

In order to make clear the viewpoint adopted in 
this presentation, 3 terms must be defined: (1) the 
absolute abundance, or the actual number of mos- 
quitoes present, which in practice can almost never 
be known, but which ean be estimated; (2) the re- 
corded abundance, or the number of individuals 
observed or captured, which may differ from the 
absolute abundance and is really a measure of the 
activity; (3) the relative abundance, which is a com- 
parative figure referring to changes from month to 
month or to differences between species. 

Changes in numbers of individual inseets are de- 
pendent upon a number of environmental factors. 
Unlike vertebrates, some insects may show striking 
changes in absolute abundance during a season in 
response to breeding, which, in turn, depends upon 
daily or even hourly environmental changes. Fur- 
thermore, the activity of individuals changes from 
day to day or hour to hour aceording to environ- 
mental conditions. The primary environmental fae- 
tors are temperature, relative humidity, and intensity 
of illumination. Other factors, such as wind and 
mechanical foree of rainfall, may also influence the 
number of individuals captured. Daily variations 
in the environment may be such as to produce great 
changes in the number of individuals captured, even 
though the absolute abundance is constant. Only by 
a consideration of the weather conditions may an 
estimate be made of the absolute abundance. It is 
perfectly true that the interrelationships with other 
animals depend, not on the number present (absolute 
abundance), but on the number of active individuals 
present (recorded abundance). A knowledge of the 
environmental reactions of each species, together with 
an estimate of the absolute abundance, should provide 
the basis for a consideration of the reaction of mos- 
quitoes with other animals. 

In the present work the abundance was first con- 
sidered from the viewpoint of environmental factors. 
The number of individuals captured was assumed to 
vary with changes in temperature, humidity, light, 
and other factors. From these considerations an 
estimate was made of the number of individuals pres- 
ent and of the changes from the previous month. In 
the cases where no relationship with environmental 
conditions was obvious, a consideration of changes 
in the breeding conditions usually provided an ex- 
planation of the changes in recorded abundance. 
This method of analysis can be justified only on the 
grounds of practicability. Until the reactions of 
each species to environment are known, there is no 
justification for assuming that the species is active 
in direct proportion to any one environmental fae- 
tor or to several such factors. Indeed, the evidence 
here obtained agrees with studies on other insects 
in suggesting that each species is a law unto itself 
as far as reaction to a particular environmental con- 
dition is concerned. For example, one species may 
become more active at a given temperature and an- 
other species less active at that temperature. There- 
fore an empirical correlation between the number 
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captured and the environmental conditions was 
sought, and estimates of absolute abundance were 
based on a consideration of this correlation. 

The lack of consideration of the breeding potential 
also must be justified on the basis of practicability. 
Although collections of larvae were made coincident 
with the captures, the investigations were not quan- 
titative and hence there is no basis for comparing 
the changes in the numbers of larvae present. Fur- 
thermore, until the life histories of the species are 
known, there is no justification for assuming that 
the number of adults emerging will increase or de- 
crease in direct proportion to a particular environ- 
mental factor. The result of this lack of detailed 
life histories of the species under consideration is 
that the estimates of change of abundance ean be 
made only on the assumption that the number of 
individuals is nearly constant and that the number 
captured depends upon environmental conditions. 
When the changes are inexplicable on this assump- 
tion, changes in the breeding potential are considered 
in an attempt to explain the changes in number 
eaptured. 


TRICHOPROSOPON REVERSUS, 
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Davip E. Davis 


Ecological Monographs 
Vol. 15, No. 3 

In order to discuss the changes in abundance of 
adult mosquitoes, the number captured at each hour 
was studied in reference to the environmental econ- 
ditions of temperature, relative humidity, intensity 
of illumination (derived from a consideration of the 
time of day and amount of cloudiness), wind, and 
force of rainfall. For many species point diagrams 
were made of the number of individuals captured 
at each temperature and relative humidity. For the 
more common species these diagrams were the basis 
of the interpretation. For other species the total 
number captured was compared with the weather 
conditions as pictured in the point diagrams, and 
the conditions at the hour of capture were compared 
with the diagram. Thus, by inspection, an estimate 
of the number actually present could be made with 
considerable confidence. A fairly clear relationship 
to environmental factors was soon evident for most 
species. 

The construction and use of the point diagrams 
(Figs. 18, 19, 20) requires explanation. Each eirele 
represents a reading of temperature and humidity. 
The values for all hours, irrespective of whether mos- 
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Point diagram for Trichoprosopon reversus, October and January, human bait, Fazenda Comari. 
Each circle represents an observation of temperature and humidity. 


Each point represents one mosquito captured 
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quitoes were captured or not, were grouped and 
marked on the diagram. For example, a tempera- 
ture of 18.0° C. and a humidity of 76 per cent is 
represented on the diagram by a circle placed in the 
square marked 17.1° C:-and 166° C.; and 76 and 80 
per cent. The dots indicate 1 mosquito captured 
under the conditions indicated by the square. Thus, 
10 dots in the square mentioned above would mean 
that 10 adult mosquitoes were captured when the 
temperature was between 17.1° C. and the humidity 
was between 76 and 80 per cent. Diagrams of tem- 
perature and humidity were constructed for all pe- 
riods at both estates. The mosquito captures for 
selected species and selected periods were marked 
on the diagrams. Only 6 diagrams (Figs. 18, 19, 20) 
are here published. 

A more conventional type of point diagram would 
show the mean number of mosquitoes taken per cap- 
ture (number of dots divided by number of circles). 
While this method has certain advantages, it was not 
adopted here because the number of captures differs 
so greatly at the various temperatures and humidities. 

These point diagrams are necessary for a con- 
sideration of the differences in the weather conditions 
from period to period. It is soon obvious that the 
means of environmental conditions may be deceptive. 
To illustrate, note the hythergraph (Fig. 3) showing 
the general conditions during the year and Table 5 
presenting the means for each period of captures. 
Note, for example, that whereas at Varzea the month 
of December was colder than the month of January 
(Fig. 3), the period of December at Fazenda Boa Fé 
was warmer than the period of January (Table 5). 
Even further refinements are necessary in interpret- 
ing the captures. The means for the periods may be 
very similar but the actual conditions very different. 
For example, the relative humidities at Fazenda 
Comari in August and October (Table 5) have al- 
most the same mean, but August had much greater 
variability as indicated by the standard deviations. 

The data presented in Table 5 show the differences 
in temperatures and humidities at the 3 levels in the 
2 forests. The standard deviations indicate the vari- 
ability during each period of work. The table gives 
a general idea of the weather conditions; high stand- 
ard deviations indicate clear warm days and cold 
nights; low standard deviations indicate moderate 
uniform weather. 

The captures with avian bait made at 3 levels of 
vegetation indicated differences among species in 
preferences for bait and for levels. The numbers 
captured with avian bait were usually smaller than 
those captured with human bait, but no species was 
limited to one kind of bait. A consideration of the 
captures with avian bait is ineluded in the interpre- 
tation of changes in abundance. 

The following discussion mentions the observed 
changes in numbers captured and the probable en- 
vironmental relations. From these considerations a 
conclusion may be drawn concerning the reaction of 
the species with other animals. The species which 
were captured frequently will be discussed in detail; 
the species which were seldom captured will be men- 
tioned in ecological groups. The analysis of the 


TABLE 5. Mean temperatures and humidities at traps 
during periods of captures. 





























Fazenda Boa Fé Fazenda Comarf 
Temperature | Relative | Temperature | Relative 
Period Trap a humidity | °C humidity 
———— $$ | | 
| | | 
Mean 's. dev.) Mean |s. dev.| Mean 's. dev.| Mean \8- dev. 
1942 
May 4 - - — {13.57 | 1.32 |88.58 | 3.31 
B - - - — {13.48 | 1.37 | 6.89 | 5.55 
Cc - - - — {13.50 | 1.45 |85.90 | 5.78 
eT A |14.09 | 2.21 |82.74 | 9.28 |14.31 | 3.39 |84.23 | 7.05 
B_ /14.06 | 2.55 |81.55 |10.01 [14.66 | 3.76 |80.12 | 9.75 
C |14.11 | 2.64 |81.82 {11.10 |14.63 | 3.73 |80.05 | 9.75 
POR Ssiesecs A {12.17 | 2.44 84.57 | 8.95 |12.44 | 2.98 |86.77 | 6.75 
B_ {12.20 | 2.73 |82.68 {11.48 |12.18 | 3.15 [83.07 | 9.32 
C {12.23 | 2.77 |82.20 |10.95 |12.77 | 3.34 |82.38 |10.01 
August...... A 14.15 | 3.89 |77.20 |12.82 |14.72 | 2.94 |86.11 | 8.68 
B {14.42 | 4.09 |72.95 |15.18 |14.88 | 3.39 |82.98 |11.90 
C |14.69 | 4.27 |71.89 |15.38 |15.00 | 3.30 |82.15 |13.62 
September A {15.88 | 3.48 |82.30 |11.69 [14.39 | 2.62 |89.08 | 5.60 
16.03 | 3.70 |78.17 |13.50 |14.38 | 2.96 |87.13 | 8.00 
C |16.06 | 3.95 |77.80 |14.47 |14.37 | 3.11 |86.10 | 8.26 
October..... A {17.49 | 2.74 |83.88 | 9.30 |16.28 | 2.84 |86.05 | 5.55 
B_ {17.64 | 2.93 |80.22 |10.95 |16.50 | 2.94 (83.65 | 9.98 
C /17.78 | 3.04 |79.79 |11.71 |16.51 | 3.37 |83.41 |10.50 
November...| A {18.21 | 2.44 |86.98 | 9.66 |18.77 | 2.58 |87.50 | 7.00 
B 18.29 | 2.76 |84.91 |11.90 |19.05 | 2.78 |84.12 | 9.25 
C {18.60 | 2.75 |81.49 |13.68 [19.16 | 2.91 |83.11 |10.24 
December...| A {21.17 | 1.91 |87.50 | 6.85 |17.30 | 2.47 |85.70 | 9.25 
B {21.32 | 2.14 |84.91 | 8.49 |17.41 | 2.65 |82.68 {11.76 
- C 21.42 | 2.23 |83.67 | 9.72 |17.53 | 2.78 181.72 |12.60 
1 
January..... A /19.31 | 1.91 |89.70 | 5.32 |19.58 | 2.49 |87.42 | 8.62 
B_ {19.40 | 2.12 |88.39 | 6.78 |19.98 | 2.78 |84.02 |10.25 
C 19.43 | 2.12 |87.50 | 7.75 |20.04 | 2.91 .59 |11.62 
February....| A  |20.69 | 1.82 |88.21 | 7.15 |20.50 | 2.25 |89.11 | 6.19 
B {20. 2.09 |86.57 | 9.39 | 20.74) 2.64 |86.45 | 9.13 
C  |20.98 | 2.28 |85.56 |10.05 |20.86 | 2.58 |86.27 | 9.16 
March...... A 20.21 | 2.82 |87.39 | 6.51 |19.34 | 2.21 187.20 | 7.78 
B_ /20.38 | 3.11 |85.68 | 8.91 |19.72 | 2.44 -60 |10.03 
C20. 3.17 |84.72 | 9.94 |19.95 | 2.54 |82.89 |10.95 
MR 3 A |16.43 | 2.73 |82.98 | 9.59 |15.96 | 1.57 (91.47 | 4.43 
B 16.49 | 2.78 |81.04 |11.75 |15.97 | 1.84 |90.63 | 5.27 
C 16.62 | 3.22 |80.24 |12.31 |16.00 | 1.86 |89.80 | 6.29 
eee A 13.57 | 3.24 |84.61 | 8.72 | — = =- = 
B (13.73 | 3.75 |83.18 110.30] — | — | — | —- 
C |13.94 | 3.70 |81.64 {11.58 = i, ee i 




















captures takes into account the collections at both 
estates, but the differences between estates are dis- 
cussed later under the heading “Comparison of the 
two forests.” The numbers of several selected spe- 
cies are presented in Table 6. Although the species 
were captured at both estates, the totals are from 
captures made on only 1 estate and for those made 
with human bait. The totals must not be considered 
apart from the environmental conditions at the time 
of capture but do serve to indicate the range of varia- 
tion in totals from month to month. 

The genus Anopheles contains many species, some 
of which present taxonomie problems. However, the 
identifications are sufficiently certain to permit the 
discussion of several species. Three species were 
captured a few times: Anopheles lutzi, A. albitarsis, 
and A. oswaldoi. Two other species were collected 
in the larval stage: A. argytarsis and A. tarsima- 
culatus (series). These species appear to be of small 
importance in the avian and mammalian community, 
either because of their rarity or beeause of their 
feeding habits. 

Individuals of the species Anopheles sp. (cruzi?) 
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Fie. 19. Point diagram for Wyeomyia confusa, January and February, human bait, Fazenda Boa Fé. Cir- 
cles and points same as in Figure 18. 
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Fig. 20. Point diagram for Aedes scapularis, January and February, human baii, Fazenda Boa Fé. Circles 
and points same as in Figure 18. 
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TABLE 6. Relative numbers of mosquitoes captured in the research areas with human bait. 





PERIOD 





June | July | Aug. | Sept. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May 








Species Estate |——— — —--— 
Anopheles Sp. (cruzi?) ..... Comari| 4 # | 
Trichoprosopon digitatum...| Boa Fé | 8 | 4 |) 3 
Trichoprosopon fluviatilis...| Comari| 23 | 1 | 22 | 
Trichoprosopon frontosus...| Comari| 4 1 | -_ 
Trichoprosopon humboldti ..| Comari| 2 5 | 10 | 
Trichoprosopon pallidiventer| Comari| 13 11 19 
Trichoprosopon rapax...... Comari| 10 9 os 
Trichoprosopon reversus....| Comar{f| 54 53 98 
Wyeomyia bourrouli....... |Boa Fé) 4 4 5 
Wyeomyia brucei.......... | Boa Fé| .. i 
Wyeomyia confusa.........| Boa Fé | 21 
Wyeomyia mystes......... | Boa Fé| 1 4 1 
Phoniomyia pilicauda...... Comari| 98 | 47 64 
Sabethes luizianus.........| Boa Fé | .. oa 
Psorophora discrucians..... | Boa Fé| .. os 
Psorophora feror.......... | Boa Fé | 1 oe - 
Aedes scapularis..........| BoaFé| 1 | .. 1 
ee | Boa Fé| 7 | 1 e 








55 | 50 | 138 | 384 | 386 | 318 | 322 | 613 | 278 | 368 | 171 





3 3 9 43 93 67 19 28 _ 
5 7 4 1 13 28 26 55 | 29 
12 10 14 11 35 54 50 3 | - 


308 | 275 | 349 | 359 | 77 | 21 
. 2 3 | |. 
i | .. | 164 | 180 | 164 | 707 | 803 | 277 | 48 





























clearly are very dependent upon the illumination and 
relative humidity. Temperature is not of primary 
importance if above approximately 15° C. Most in- 
dividuals were captured during the hours of dark- 
ness; those captured during the day were taken at 
a time of high relative humidity. The number eap- 
tured throughout the year seemed to depend upon 
changes in the environmental conditions. From June 
until December the number present was always small, 
but the individuals appeared during the hours of high 
humidity and darkness, especially on the warmer 
days. In December and especially in January the 
number captured increased greatly in response to 
high humidities and warmer temperatures.  Indi- 
viduals appeared even during cloudy daylight hours. 
In the months of February, March, and April the 
number of individuals captured decreased sharply, 
apparently because of the high temperatures and 
low humidities. Individuals of this species may be 
captured in any month in which the environmental 
requirements of high humidity, darkness, and mod- 
erate temperatures are fulfilled. 

The sabethine tribe is a neotropical group of sil- 
van, diurnal mosquitoes. The various species breed 
in water deposits in tree holes, in bamboo culms, or 
in the water collected by plants, often in loeations 
high up in trees. As a group the sabethines are 
active only in the hours of daylight, but the species 
differ markedly in their reaction to other environ- 
mental factors. The tribe is here represented by 4 
important genera. 

The species Trichoprosopon (Trichoprosopon) digi- 
tatum breeds in water contained in bamboo stalks 
and is predominantly found near the ground. A few 
individuals were captured from June through De- 
cember in the hours of dusk after warm dry days. 
In January, February, and March the number eap- 
tured increased, apparently in response to drier days. 
In April, in spite of cooler weather, the number eap- 
tured was still higher. The number in May returned 
to the level of March, probably due in part to the 
cooler weather. 


The absolute abundance of this species appears to 
change only slightly during the year. Any change 
in the number captured seems to depend very largely 
on the environmental conditions at the moment. The 
high total for April gives a false impression; it was 
the result of 2 hours at dusk with a temperature of 
22.2° C. and a humidity of 55 per cent. A dry and 
moderately warm period will provide a greater abun- 
dance of individuals. 

The species Trichoprosopon (Trichoprosopon) com- 
pressum resembled the previous one in habits but was 
seldom attracted to either the human or the avian 
bait used. The larvae were abundant at all times 
of the year, and a few adults were captured in 
nearly every month. 

The abundance of Trichoprosopon (Shannoniana) 
fluviatilis presents curious aspects. Temperature ap- 
pears to be of little importance: the number of in- 
dividuals captured from September through Decem- 
ber was the same, although the latter 2 months were 
decidedly warmer; also the number captured during 
June and August, in spite of the cold weather, was 
higher than the number found in September to De- 
cember. The highest numbers were caught in Feb- 
ruary and March. Inspection of the environmental 
conditions at the hour of capture reveals that the 
periods of June and August had warm‘days and cold 
nights and that the individuals were usually cap- 
tured at dusk after the humidity had risen but be- 
fore the temperature had fallen. The periods from 
September through December had a higher average 
temperature due to warmer nights, but the number 
of warm humid dusk hours, following warm dry day- 
light hours, was small. The daylight hours from 
September to December had about the same tempera- 
tures as the periods of June and August. In the 
periods of January, February, and March, however, 
the temperatures and humidities were high at dusk 
and the daylight hours were warm and dry. The 
number of individuals captured was correspondingly 
high. 

Individuals of this species may be expected in 
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numbers during any month of the year when the 
daylight hours are warm (above 18° C.) and dry 
(relative humidity between 70 and 80 per cent) and 
the hours of dusk become humid (90 per cent) before 
getting cold. 

Another member of the subgenus, 7’. schedocyclius, 
was encountered in March (3 individuals). 

Individuals of Trichoprosopon (Hyloconops) fron- 
tosus were present in small numbers during all 
months of the year. The number captured increased 
greatly during the warmer periods but never became 
large. Individuals may be expected whenever the 
temperature is moderate (above 18° C.) and the 
hours of dusk have a relative humidity of about 80 
to 90 per cent. 

Individuals of Trichoprosopon (Hyloconops) hwm- 
boldti appeared in small numbers from June till 
October and then became more common, especially 
in the periods of January and March. In the pe- 
riod of February, however, the temperatures in the 
daylight hours apparently were too high (24° C.), for 
few were captured. Although the species was never 
common, individuals may be expected at any month 
of the year when the temperature is around 21° C. 
and the daylight hours are humid. In contrast to 
most of the species of the genus Trichoprosopon, 
this species is captured during the midday hours of 
greatest illumination, if the atmosphere is fairly 
humid. 

Mosquitoes of the species Trichoprosopon (Hylo- 
conops) pallidiventer were encountered in approxi- 
mately equal numbers throughout the year. Only in 
The 


the period of January was the number greater. 
weather during this period was characterized by tem- 
peratures of about 19° C. and humidities of about 
90 per cent in the hours of dusk. The weather in 
the periods of February, March, and April was ap- 


parently too warm and too dry. The weather in the 
other periods of the year was either too cold or too 
dry. 

Individuals of this species may be expected in 
moderate numbers in any time of the year when 
the temperatures are mild (19° C.) and the hours of 
dusk are humid (90 per cent). The absolute abun- 
dance of this species appears to be virtually constant 
and the number of individuals captured is dependent 
upon the environmental conditions at the time of 
collection. 

The number of individuals of Trichoprosopon 
(Hyloconops) rapax captured in the various periods 
showed great variation. None was captured in Au- 
gust, February, and April. Some were captured 
in September, December, and January. More were 
found in June, July, and March. Only in the months 
of October and November were individuals present 
in numbers. Inspection of the environmental econdi- 
tions at the hours of captures reveals that the species 
is most active when there is a light, continuous cloud 
cover during the daylight hours and temperatures 
are around 19° C. The period of August was char- 
acterized by clear cold days, and the summer months 
from December through April were characterized by 
convectional rainfall in the afternoon. The months 
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eon ee 
of October and November had frequent periods of 
cloudy warm rainy days. 

This species may be expected in numbers in the 
months of cloudy warm humid days. The abundance 
of the species is therefore definitely seasonal, since 
this type of weather occurs normally in the vernal 
season (October and November) and the autumnal 
season (April and May). 

Trichoprosopon (Hyloconops) reversus is the most 
common member of its genus in the forests. It is 
large and relatively aggressive and definitely seeks 
human bait in preference to avian bait. It breeds 
in the water in the axils of bromeliads growing high 
up in the trees. The point diagrams (Fig. 18) in- 
dicate the conditions of temperature and relative 
humidity at each hour for the periods of October and 
January with reference to captures of mosquitoes of 
this species. The temperatures and humidities for 
all hours are indicated in Fig. 18, although only a 
negligible number of this species was captured in the 
hours of darkness. Since the hours of darkness were 
usually times of high humidity and lower tempera- 
tures, the number of circles in the high humidity and 
low temperature squares do not really represent the 
number of opportunities for capturing these diurnal 
mosquitoes. But any arbitrary exclusion of certain 
hours produces an even greater distortion of the 
representation of environmental conditions. 

Moderate numbers of mosquitoes were captured 
in the periods of June, July, and August, but smaller 
numbers were collected in September. The indi- 
viduals appeared in these months whenever the tem- 
perature was above 17° C. and the humidity in the 
hours of dusk was about 85 per cent. The decrease 
in September appears to have been caused by the 
higher humidities during that period. In October 
the number increased greatly, probably due to the 
higher temperatures. In November the number cap- 
tured increased still further in response to warmer 
and fairly dry weather. In December the number 
returned to the level of October, probably because 
of cooler temperature. But in January the number 
returned to the high level of November, presumably 
in response to warmer temperatures. Apparently 
because the weather was too hot (24° C. frequently) 
and perhaps too humid, the number captured in Feb- 
ruary dropped considerably. The number found in 
March and April was even smaller, returning to the 
level of July. 

A consideration of the environmental conditions in 
the traps situated at different levels in the trees 
supports the interpretation given above for the cap- 
tures with human bait. In the months when the 
conditions were suitable, large numbers of mosqui- 
toes appeared in the traps above the ground. During 
the periods of October and November, which were 
characterized by moderate temperatures and moderate 
humidities, large numbers were caught in the trees. 
But in the months of December to March, when the 
temperatures up in the trees were much higher and 
the humidity either high (90 per cent at night) or 
low (60 per cent during the day), a smaller number 
was captured. In the period of April the tempera- 
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tures and humidities were more moderate in the tree- 
tops than on the ground, and a larger number was 
caught with avian bait than with human bait on the 
ground. 

This species seems to be common or abundant at 
any time of the year. Mosquitoes appear when the 
environmental conditions are suitable, and the num- 
bers do not seem to inerease because of breeding. 
In fact, the dry summer weather seems to hinder the 
breeding and reduce the number of individuals. 
Nearly equal numbers were captured in the hibernal 
month of August and in the aestival month of Feb- 
ruary. Large numbers of this species may be ex- 
pected whenever the temperature is between 15° C. 
and 22° C. and the humidity in the hours of dusk is 
between 75 and 85 per cent. It appears correct to 
state that the absolute abundance of this species 
varies only slightly throughout the year but that the 
number of individuals captured may differ greatly 
in response to environmental conditions. 

A few individuals of 2 species, Trichoprosopon 
(H.) theobaldi and T. (H.) castroi, were captured 
in several months, principally between August and 
October. Although too few were obtained to permit 
conclusions to be drawn, it is possible that these 
species are most active in cool wet weather. 

The genus Wyeomyia contains many species of 
sabethine mosquitoes. Their usual breeding place 
is in water contained in bamboo culms or sometimes 
in water collected by plants. Of the, many species 
known, only a few appear to seek mammalian or 
avian blood. Some species feed upon reptiles; others, 
perhaps, never suck blood. 

Several species appeared in small numbers in the 
warmer months of the year under conditions which 
suggest that they were not really attracted by the bait 
but merely happened to wander into the traps. Be- 
cause of the small number captured, it is impossible 
to know the abundance of these species. It seems 
likely that in reality some of the species are very 
abundant in absolute terms but are not captured by 
the baits used. The following species were captured 
in small numbers between October and April: W. 
arthrostigma, W. codiocampa, W. limai, W. lutzi, W. 
sabethea, W. serrata, W. rooti, W, airosai, and W. 
personata. The collection of many larvae suggests 
the possibility that these species are present in con- 
siderable numbers. In addition, larvae but no adults 
of 4 species were found: W. oblita, W. finlayi, W. 
melanocephala, and W. undulata. All these species, 
because of their feeding habits, appear to have little 
influence upon the mammalian or avian fauna of the 
forests except as a source of food. 

Individuals of Wyeomyia bourrouli were captured 
in the hours of midday during warm (about 22° C.), 
cloudy, and dry (about 75 per cent relative humidity) 
Weather. A few individuals were captured during 
the periods of June, July, and August, and more 
in September. The greatest number appeared in 
Oetober during dry warm weather. In November 
and December the number captured decreased, and 
in January and February none appeared. In March 
and April a few were captured. Inspection of the 
environmental conditions at the hours of capture in- 
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dicates that this species has very restricted tolerances. 
Only at times of warm, dry, and cloudy weather do 
individuals come out. The absence of specimens in 
the hottest months of January and February, even 
though larvae were present, coincided with hot and 
sunny conditions. 

This species is probably present in moderate num- 
bers throughout the year but owing to certain en- 
vironmental conditions appears in certain months. 
The relations of this species with mammals or birds 
is very greatly limited by its restricted tolerances. 

Mosquitoes of the species Wyeomyia brucei were 
not captured until November, even though many 
larvae were found throughout the winter months. 
Small numbers appeared in November and December, 
but in January, February, and March the species 
became common. The numbers captured decreased 
steadily in April and May. Inspection of the en- 
vironmental conditions shows that the individuals ap- 
peared when the temperature was high (about 
24° C.) and the humidity relatively low (about 75 
per cent). If the humidity is sufficiently low (65 
per cent), individuals will appear at a temperature 
of 20° C. The decrease in numbers between the 
periods of February and of March suggests that the 
environmental conditions are not the primary factor 
controlling the number captured, because the weather 
conditions were similar in these 2 periods. It seems 
likely that the increases and decreases of this species 
depend upon the breeding possibilities. 

This species appears in abundance during hot and 
dry weather and seems to have a narrow range of 
tolerance. As a species it probably has little influ- 
ence upon the vertebrates because it is active only 
a few hours during suitable weather. 

The species Wyeomyia confusa presented several 
ecological problems, apparently, judging from its 
name, running true to form in ecological as well as 
taxonomie difficulties. Although more individuals of 
this species than of any other were captured during 
the year of work, only an insignificant number of 
larvae were found, most of these in the axils of a 
cultivated aroid. 

The number captured in the months of June, July, 
and August was small compared with captures in the 
following months but large in comparison with the 
captures of other species. The number captured in- 
creased greatly in September and then again in 
October, remaining ‘almost constant until February, 
when an even greater number appeared. In March 
and April the captures decreased to the level of 
October, and in May they decreased still more. The 
point diagrams for January and February (Fig. 19) 
show the numbers of Wyeomyia confusa captured 
and the conditions of temperature and relative hu- 
midity at the times of capture. The reservations 
(p. 268) for 7. reversus apply to W. confusa. The 
factor of primary importance appears to be tempera- 
ture. Humidity, judging by the fact that in Feb- 
ruary many were captured even at times of low 
humidity (75 per cent), appears to have little in- 
fluence. However, the amount of cloudiness may be 
an important factor, since individuals were most com- 
monly captured when the clouds were heavy at dusk. 
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The captures during the months of October and No- 
vember were fairly high because of suitable eondi- 
tions, but in December the number captured decreased 
somewhat, owing to heavy rains during the hours of 
dusk. In January the captures were small, either 
because of rain at dusk or lack of clouds on some 
days. During the period of February, daily convee- 
tional rains or heavy fog coming up from the low- 
lands produced a cloud cover nearly every evening; 
since the day had been hot and sunny, the relative 
humidity remained low during the day and reached 
90 per cent only when the clouds appeared. The de- 
crease in the period of March was again due to clear 
weather, while the increase in the period of April 
was coincident with cloudiness in the early after- 
noons. 

The species is one of the abundant mosquitoes in 
the forests. Its activity appears to depend upon the 
environmental conditions of warm temperatures 
coupled with cloudiness at dusk. The reactions with 
the vertebrate members of the forest may vary 
markedly from time to time, depending upon the 
weather at the moment. Under suitable conditions 
this mosquito becomes very active and, being a vora- 
cious feeder, may be very troublesome to birds or 
mammals. 

Individuals of Wyeomyia mystes appear in small 
numbers throughout the year. These mosquitoes seem 
to be active in dry weather in the midday but re- 
quire high temperatures (about 23° C.). They may 
be expected at times of dry, cloudy, and fairly warm 
weather. The largest numbers were collected in the 


periods of October, February, April, and May at 


times of low humidities. Because of its small num- 
bers and rigid environmental requirements, this spe- 
cies probably has little influence upon the mammals 
and birds. 

The genus Phoniomyia contains many species of 
sabethine mosquitoes which breed primarily in the 
water collected at the base of leaves of bromeliads. 
Some species were captured only a few times and 
are very rare and/or do not feed upon warm-blooded 
vertebrates. Mosquitoes of the species P. incaudata 
were found in small numbers throughout the vear. 
Several species were represented in small numbers 
in the summer months: P. pallidoventer, P. palmata, 
P. theobaldi, P. trinidadensis, and P. tripartita. An- 
other species, P. quasilongirostris, was found in the 
larval state only. These species, because of their 
feeding habits and/or their actual abundance, appear 
to have little effect upon the birds and mammals. 

Individuals of Phoniomyia pilicauda were collected 
in considerable numbers in all months of the year. 
The number of specimens collected in the different 
periods varied greatly. For example, in November 
at Fazende Comari twice as many specimens were 
collected as in December. The number in January 
was nearly double that of February. The relative 
humidity appears to be the clue to the abundance of 
individuals. The mosquitoes are almost as active in 
the midday hours as in the hours of dusk and they 
are more frequently captured on the dry warm days. 
During the January period at Fazenda Comari the 
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weather was hot (24° C.) and dry (80 per cent) on 
many days, and large numbers appeared. In Feb- 
ruary, however, although the weather was hotter, the 
humidity was higher (90 per cent) and fewer indi- 
viduals were collected. 

This species seems to be very exacting in its en- 
vironmental requirements. Although it is a common 
mosquito, it may be expected in numbers only at 
times of warm and dry weather. Because it is pres- 
ent in numbers throughout the year, it may be con- 
sidered to have considerable influence upon the ver- 
tebrates. 

The sabethine tribe contains several other species 
which are rare and/or are not attracted to avian or 
to human bait. Many of these species were seen 
in small numbers in the warmer months: Limatus 
flavisetosus, Sabethes albiprivus, S. cyaneus, S. au- 
rescens, S. intermedius, S. lutzianus, and S. melano- 
nymphe. One species, S. purpureus, was observed in 
small numbers nearly every month of the year but 
varied greatly from period to period. It appeared 
to prefer avian blood and to live high up in the trees, 
It seems unlikely that any of the above-mentioned 
species plays any role in the ecology of birds and 
mammals, 

Two groups of mosquitoes should be mentioned 
because of their interrelations with other mosquitoes, 
even though they are not known to bite either birds 
or mammals. Abundant larvae of the species Ortho- 
podomyia albicosta were found in the stalks of bam- 
boos. These larvae presumably compete for food 
with some other species or provide food for the 
cannibalistic species. Although mosquitoes of the 
genus Megarhinus are not known to bite vertebrates, 
the larvae are cannibalistic. Larvae of 3 species, 
M. purpureus, M. pusillus, and M. theobaldi, were 
found in considerable numbers during all months of 
the year. These cannibalistic larvae undoubtedly re- 
duce the number of larvae of other species and there- 
by influence their abundance. 

The culicine tribe of mosquitoes contains the most 
abundant and voracious members of the family. 
Many species show great changes in abundance 
throughout the year, usually as a result of changes 
in the conditions of the ground pools in which many 
breed. The known vectors of the yellow fever virus 
belong in this group. 

A small and unimportant genus, Taeniorhynchus, 
contains several species which breed in the floating 
mat of vegetation on ponds or sluggish streams. The 
larvae are specially adapted to pierce the aeriferous 
roots and thereby breathe. During the year a few 
individuals of several species were captured, pri- 
marily up high in the trees. Taeniorhynchus in- 
dubitans, T. pseudotitillans, Taeniorhynchus sp., T. 
fasciolata, and T. justamansonia were collected in 
small numbers in the warmer months. T. chrysono- 
tum appeared in numbers in Mareh and April, pos- 
sibly as a result of favorable breeding conditions. 
The members of this genus have little influence upon 
the birds and mammals. 

The genus Psorophora contains species which breed 
in ground pools and show striking increases or de- 
ereases in relation to the rainfall. Some species are 
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ferocious biters, but others appear to attack verte- 
brates rarely if at all. Three species were captured 
only a few times, because the individuals are scarce 
and/or do not attack birds or mammals. Mosquitoes 
of the species Psorophora albipes, P. lutzi, and P. 
varipes were found in very small numbers between 
November and March. Two other species, P. ciliata 
and P. genumaculata, were collected only in larval 
state. These several species appear to have little 
influence upon the avian and mammalian species in 
the forest. However, 2 other species of the genus 
appear to bite birds and mammals consistently. 

Mosquitoes of the species Psorophora discrucians 
appeared in the collections for the first time in No- 
vember and became common in December. The num- 
bers then decreased during January and February, 
and the last individuals were captured in March. 
Inspection of the environmental conditions at the 
times of capture reveals that the mosquitoes were 
caught at temperatures around 21° C. and humidities 
around 85 per cent. The reduced captures in Jan- 
uary occurred coincident with cooler and wetter 
weather, and the further reduction in February oc- 
eurred in hotter and wetter weather. It must be em- 
phasized that the ground pools began to dry up in 
February, long after the decrease in the number of 
individuals occurred. However, it is possible that 
the excess rain and floods during January reduced 
the amount of breeding. 

Mosquitoes of this species may be expected in 
moderate abundance in the warm months before the 
temperature gets too high and while the humidities 
remain around 85 per cent. Since this species is 
partial to avian bait, it probably affects the bird 
population far more than the mammalian population. 

The species Psorophora ferox appeared in abun- 
dance in November. No adults were captured in 
October, though larvae were found. In December 
the number captured decreased somewhat, but in 
January and February it increased greatly. It de- 
ereased again in March and still further in April. 
None was captured in May. Inspection of the dia- 
grams of the temperature and humidity and a com- 
parison of the weather in November and December 
shows that the species is most abundant at moderate 
temperatures (about 21° C.) and high humidity 
(about 95 per cent). The decrease in the number 
captured in December appears to be due to a number 
of hot (24° C.) dry days. The weather conditions 
during each of the periods of November, January, 
and February were different but the number of mos- 
quitoes captured was about the same. In March, 
although the weather resembled that of December, 
a much smaller number of individuals was captured 
than in December. It appears that a decrease in 
breeding as a consequence of the drying up of the 
ground pools must be the explanation for the de- 
crease. The amount of rain had decreased greatly 
and no larvae had been encountered since February. 

Individuals of this species may be expected to 
burst into abundance with the appearance of warm 
weather and rains. Although environmental condi- 
tions at the time of capture have some influence 


upon the number of individuals captured, this number 
remains fairly constant until the drying of the ground 
pools reduces the amount of breeding. This species, 
because of its voracious habits, abundance, and great 
changes in abundance, is a factor of great influence 
upon the mammals and birds. 

The genus Aedes contains some of the most abun- 
dant and important mosquitoes. The classical vector 
of yellow fever virus (Aedes aegypti), one other 
known vector (A. leucocelaenus), and an experi- 
mental vector (A. scapularis) belong to the genus. 
The species are geographically and ecologically wide- 
spread throughout the world; in Brazil there are 
several important species, and North America has 
many more. Several kinds either are rare and/or 
do not attack birds or mammals and hence are seldom 
captured. 

The members of the subgenus Ochlerotatus breed 
in ground pools and show striking changes of abun- 
dance. Aedes nubilus appeared in small numbers in 
the warm months from November to March. Aedes 
crinifer, although amazingly abundant in the larval 
condition, appeared only rarely in the captures. A 
few individuals were collected in August, but the 
greatest number was captured in January. Larvae 
but no adults of the species Aedes hastatus and A. 
rhyacophilus were collected. 

A few individuals of the species Aedes scapularis 
appeared in the cold months, but even in the warmer 
months of October and November the number cap- 
tured was still small. In December the number 
captured increased, and in January and February it 
tripled. In March fewer were caught, and in April 
the number was further reduced. Examination of the 
point diagrams for January and February (Fig. 20) 
shows that, although the weather conditions were con- 
siderably different, the number of mosquitoes cap- 
tured was about the same. Furthermore, the weather 
in November was similar to the weather in January 
but the number of individuals caught was very dif- 
ferent. Of additional interest is the fact that indi- 
viduals may be captured at any hour of the day; in 
fact, there is little difference in the number taken 
during the hours of light and those of dark. 

The abundance of the species Aedes scapularis ap- 
pears to be dependent upon the presence of ground 
pools for breeding; the number captured during a 
period seems to have little relation to the environ- 
mental conditions at the time of capture. Considera- 
tions and predictions of the number of individuals 
in a season must depend, then, upon a knowledge of 
the rainfall and presence of ground pools. The mos- 
quitoes may be expected to become abundant when- 
ever the rainfall forms pools and the weather is 
sufficiently warm for large numbers of the larvae to 
develop. However, individuals may be expected at 
any time of year. The influence of this species upon 
the birds and mammals is probably considerable, 
owing to its voracity and disregard of environmental 
conditions. Furthermore, the great seasonal changes 
in abundance produce a cyclic variation in the re- 
actions with birds and mammals. 

The species Aedes serratus resembles the species 
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Aedes scapularis greatly in breeding habits and vo- 
racity. The changes of abundance, however, appear 
to be quite different. A few individuals were col- 
lected between June and October. The species burst 
into abundance in November but remained at the 
same level until February, when there was a sixfold 
increase. The number of individuals increased still 
further in March but in April decreased greatly and 
in May dropped still more. Inspection of the weather 
at the times of capture shows that individuals may 
be captured at nearly any set of temperatures and 
humidities. Further inspection reveals that almost 
the only correlation is with cloudy weather. How- 
ever, none of these conditions is sufficient to explain 
the changes in the number captured. A considera- 
tion of the rainfall and the subsequent presence of 
pools for breeding shows that November and Decem- 
ber had adequate rainfall but that January (Fig. 3) 
produced floods. Presumably the larvae were washed 
away or destroyed by these rains and therefore the 
number of adults remained small. In February and 
March, however, the pools were in good condition 
and many adults appeared. In April and May the 
drying and colder weather probably reduced the 
amount of breeding. It may be concluded that the 
number of individuals of this species which may be 
captured at a given period depends primarily upon 
the antecedent weather conditions and only secon- 
darily upon the environmental conditions at the time 
of capture. 

This species may be expected in abundance when 
the rainfall is suitable for forming small ground 
pools for breeding. The adult mosquitoes are largely 
independent of the actual environmental conditions 
and will attack mammals and birds under a wide 
range of conditions. The influence of the species 
upon the mammals and birds of this forest is prob- 
ably even greater than that of Aedes scapularis be- 
cause of greater abundance and greater tolerance of 


weather conditions. An interesting contrast with 
Aedes scapularis may be noted in passing. Whereas 


A. scapularis appears in a relatively constant number 
from hour to hour throughout the day, A. serratus 
may appear in great numbers in one hour and be 
absent or appear only in small numbers in the suce- 
ceeding hour. For example, it is not uncommon to 
capture 3 one hour, 17 the next, and none the fol- 
lowing, under apparently similar environmental econ- 
ditions. It appears possible that A. serratus becomes 
active in response to nuances of environment which 
our present methods failed to measure. 

The genus Aedes contains a subgenus (Finlayia), 
whose species breed in holes in trees or oceasionally 
in bamboo or bromeliads. One species, A. leucoce- 
laenus, a known vector of yellow fever virus, ap- 
peared in small numbers nearly every month of the 
year but most commonly in the warmer months; the 
adults were captured more frequently near the ground 
than in the trees. The larvae were regularly en- 
countered. Another species, A. terrens, was occa- 
sionally captured in the warm months from Decem- 
ber to April. The larvae, however, were abundant 
at all times. Mosquitoes of this species are prob- 
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ably quite abundant but apparently seldom feed upon 
birds or humans. It seems unlikely that this species 
has a significant influence upon the avian and mam- 
malian populations of the forests studied. 

Larvae of Aedes fluviatilis were encountered in 
pools in the solid rock of a stream at Fazenda 
Comari. No adults were captured. Apparently the 
species is too rare to be of importance in these 
forests. 

A few adults of Haemagogus sp. (capricornii?), 
probably a vector of yellow fever in Brazil, were eol- 
lected in the months from November to March. No 
larvae were ever found. The species is more common 
in the tree tops, as indicated by the relatively large 
number captured in the traps above the ground. The 
small number of adults (31) captured during the 
year would indicate that this species is too rare to 
be of primary importance in these forests. 

The large genus Culex presents a taxonomic tangle 
which prevents the identification of species. Fur 
thermore, several new species remain to be described. 
For these reasons the group can be discussed only as 
a whole. The species show marked preferences for 
avian bait, as evidenced by the fact that many more 
were captured in the traps with bird bait. The num- 
ber of individuals captured increased greatly in Jan- 
uary and then declined. These species, because of 
their abundance, predilection for birds, and voracity 
even in respect to mammals, must be of considerable 
importance in the life of the forest. 


BIRDS 
Breeding Season 

Reproduction is the most influential event in the 
life of any wild animal and determines the sequence 
of events throughout the season. In mobile species 
such as birds, movements and changes in abundance 
may be closely correlated with the breeding periods, 
and a knowledge of the time of breeding usually 
provides the clues for interpretation of movements 
and changes of abundance. The following discussion 
of the breeding season of birds is intended to serve 
as a background for the discussion of changes in 
abundance and of movements. 

Before considering the evidence relative to Bra- 
zilian birds it is desirable to mention briefly some 
principles which have been found to hold for birds 
in general. The concept of territorialism is now 
known to apply in some form to nearly all birds and 
even other vertebrates (Nice, 1941). Briefly stated, 
the concept correlates the observed facts that indi- 
vidual birds maintain and defend a specified plot of 
land for the purposes of breeding. While there is 
great variation in the actual manifestation in dif- 
ferent species of birds, nevertheless for our purposes 
it is sufficient to remember that individuals have a 
propensity to remain in a restricted area and even 
to defend the area against interlopers. Some species 
maintain a territory throughout .the year; others only 
during the breeding period. The periods of move- 
ment, especially of immature individuals, and of 
mixing of individuals occur before and after the 
period of maintaining a territory. Therefore a knowl- 
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edge of the behavior of a species with respect to ter- 
ritory provides a close definition of the times of 
movements. Since facts relative to territorialism are 
much more easily obtained than facts relative to 
movements as such, the investigation of territorialism 
frequently produces the desired information about 
movements in a surprisingly simple, though indirect, 
manner. 

The evidence here summarized for the determina- 
tion of the breeding season is derived primarily from 
an examination of serial sections of the gonads of 
birds (see p. 251). In addition, observations of nests, 
singing adults, and local movements have been cor- 
related. For many species there is sufficiently ade- 
quate data to prove the existence of a breeding sea- 
son and determine the beginning and end. For other 
species the few observations may be correlated with 
closely related species to indicate the breeding season. 

That there is a definite breeding season is clearly 
shown by the evidence presented in Table 7. In 
this table the species for which there are adequate 
data are listed by families. The condition of the 
gonads which were collected in the periods are listed 
as “inactive,” “progressing,” “active,” or “regress- 
ing.” The table is based upon the examination of 
about 900 gonads. A species is credited to the phase, 
“active,” for example, only in those eases in which 
the gonads from the preceding and succeeding periods 
show that the species had entered into that phase 
during that period (compare Tables 7 and 8). The 
phases indicated opposite the families represent a 
generalized season for the family, deduced from all 
relevant data (territory, nests, gonads, migration, 
ete.). In those eases in which all columns are blank, 
the species are known, from all lines of evidence, to 
follow the breeding season indicated for the family, 
although an insufficient number of gonads was ex- 
amined for each individual species. No species is 
listed which is represented by less than 3 adult 
gonads. 

The discussion of one family, the Dendroeolaptidae, 
will suffice to show the derivation of the table. Den- 
drocolaptes platyrostris was collected sufficiently to 
show that the species is in full breeding condition in 
October. Xiphocolaptes albicollis had progressing 
gonads in September and fully active gonads in 
October. Lepidocolaptes fuscus reached reproduc- 
tive maturity in October also. Three other species 
of the family, Lepidocolaptes squamatus, Campylor- 
hamphus trochilirostris and Sittasomus griseicapillus, 
were each collected several times and in all eases 
agree with the generalized schedule for the family. 

Several of the better examples are shown in Table 
8. An “x” represents a specimen of either sex, col- 
lected in the month, whose gonads were found to be 
in the phase given by the columns. For example, 
Xenicopsoides amaurotis came into breeding aetivity 
in October and regressed during December and Jan- 
uary. Although the number of gonads examined is 
admittedly small, the data agree very well in proving 
the existence of a breeding season. 

Some of the family groups present features of 
interest. The Columbidae and Psittacidae appear to 


TABLE 7. Reproductive activity of birds at Teres6- 
polis. 


In the columns below: I = inactive, P = progressive, A = active, R = regressive. 


| 





rf 





| March 
| April 


Family and Species 


September 








| January 








June 
‘| July 
-o | August 
> | November 
re | February 
> | May 


Columbigallina talpacoti 
Leptoptila rufazilla......... 
Oreopeleia montana... . 
Psrrracipae (Parrots). . . ; 
Pyrrhura frontalis........ Ree er 








>>: 





Cotumsipak (Pigeons)........ ae | Se | 
| 
| 
| 
| 
I ae ae es eae ge 

Tirica tirica.............. | | 
Trocuitipae (Hummingbirds) . | 
Clytolaema rubricauda...... | 
RHAMPHASTIDAE (Toucans)... . | 
Baillonius bailloni. 

Picipae (Woodpeckers). . . 

Piculus aurulentus . - 

Veniliornis maculifrons...... | | 

| 














DENDROCOLAPTIDAE (Wood- 





Xiphocolaptes albicollis..... . 
Lepidocolaptes fuscus*.......|---|-+-|-..| P| 
Lepidocolaptes squamatus. . . | ie 
Campylorhamphus | 
trochilirostris............ 
Sittasomus griseicapillus... . . ‘ae 
Furnarupae (Ovenbirds).. . .. |. sees 
Synallazis ruficapilla... . 
Anabazenops fuscus . ie 
Syndactyla rufosuperciliata. . . ies 
Xenicopsoides amaurotis* . . . . cofeoele 
Philydor rufus ADA. |. 
Automolus leucophthalmus ...|--.|-+-|...]. 
Cichlocolaptes leucophrys.....|+-- 
Heliobletus contaminatus 
Sclerurus scansor*. . . 
Lochmias nematura.. . . ‘ 
Formicarmpae (Ant-thrushes). |. - . | 
Thamnophilus caerulescens . | 
Dysithamnus mentalis . . . SS are 


> > 


=: 


| 
| 
rerio aal “4 2 9 Gee Gee eo T] pb 
pane) (ese een P | Pdol | 
Bower 
| | 
| | 


oe 


> 


>>: 


~ 
aE 


Dysithamnus zanthopterus.. . . -+| 
Myrmotherula gularis....... J-=-| Rex (ioe) es 
Drymophila ochropyga. . . Bas (ee) Oe 
Drymophila malura..... ‘eid | os eer (tS) SR ae : 
Pyriglena leucoptera........ Jecefoos[ecs[ors i Ya ee ee | 
Myrmeciza loricata — wsfecanssfecafa oof le Jeeefees] 
Chamaeza ruficauda a2 Jovs[ore}esedees yh (eet (eae (ee 
rs Mae (ee ae = 
Corinatpae (Cotingas)........|--+|-- AP lice | 
Laniisoma elegans... ... a 
Ampelion cuculatus. . . , |. wsfeoe[eeo| AY. | ; 
BO ere (ee Sar Se tk eee, ...|R 
Lipaugus lanioides..........|--+|+++|--.| A}...| 
Pachyramphus castaneus.. . |. a eee a fick er eS ee 








Procnias nudicollis..........|-++|+++|-+- (EBB RR Be BRS Pes are 
Pipripak (Manakins) sigqhevel ee 
Chiroriphia caudata.........|--+|--.| P| A 
Ilicura militaris. . . . saeal eee d 
Schiffornis virescens . | 
Neopelma aurifrons.........|+++\++- et 
TYRANNIDAE (Tyrant | 
Flycatchers)....... Ae ose cal 
Knipolegus cyanirostris. . . eat a is jl 
Muscivora tyrannus.. . ve[eeefoce]ese}es-] A 
Tyrannus melancholicus.....|--.|-..|...]...] A|...|-..|-..| BR 
Mytodynastes solitarius. . srs Pe, Fever (er tg artes (aay (nat oes [ry REY Hear 
Empidonaz euleri...........|---|...|... yh ee A| ie 9 ss Bee 
Myiobius ridgwayi.......... meas ee Pere i (ean, fay (Bee 
Platyrinchus mystaceus sane | | | 
Tolmomyias sulphurescens.... | | 
Euscart imor vis plu n'zicep3. . 7 ae ia 





Sm se 28 








274 


TABLE 7. (Continued) 
In the columns below: I = inactive, P = progressive, A = active, R = regressive- 
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*This species is given in detail in Table 8. 


remain in a progressing condition for a month or 
two before becoming sexually active. The Trochi- 
lidae and Rhamphastidae begin to nest relatively 
early in the season. The Dendrocolaptidae and the 
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Furnariidae begin activity in September and are 
nesting in October. Lochmias nematura begins even 
earlier. The Formicariidae as a group begin breed- 
ing a month later than the previous 2 families. The 
Tyrannidae and Cotingidae present several types 
within each family, although as a group they follow 
the generalized schedule. In these families some 
migratory species arrive in August in progressing 
breeding condition, while some sedentary species 
have an early breeding season and others have a late 
breeding period. The Pipridae in general have an 
early season, becoming active in August and breed- 
ing in September. Several passerine families reach 
full breeding in October, but the Thraupidae are 
divisible into 2 groups. Some (Calospiza, Thraupis) 
are early breeders, while others (Habia Trichothrau- 
pis) are late. 

Although no avian species is definitely known to 
nest throughout the year or to have a breeding sea- 
son differing from the generalized season, some hawks 
with active gonads have been collected in the cold 
months and one Crypturellus obsoletus had an active 
ovary in July. The evidence here presented shows 
that there is, for most species, a definite breeding 
season beginning in August or September and reach- 
ing a climax in October. This conclusion will be 
used in the discussion of the abundance and the move- 
ments of birds during the year. It is of general 
biological interest to note that the breeding season 
begins shortly after the peak in number of trees in 
fruit. 


Changes in Abundance 


The accurate determination of the changes in the 
number of individuals in a forest presents consider- 
able difficulties. The data presented here (Table 9) 
show the number of birds seen during the routine 
observations as described in the section on methods. 
Changes in the number of birds present in a forest 


TABLE 8. Reproductive activity of six avian species. 
The phases of reproductive activity are indicated as follows: I, inactive; P, progressing; A, active; R, regressing. 
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Xx]... Philydor atricapillus.................)e.-- a ae ee ee Ae See eee Se 
EE ie a ES en: Seen sen .-| 13) 9] 6} 4] 3} 4) 2) 4) 1)..). 18/14) 5/12/10) 6) 4) 3} 4) 5). .] 1 
Automolus leucophthalmus............)...-- XK Poalsoelecheckecles|es|ocfecles|ooloa ap at Mt AP Mleelechs aeclsslnct & 
Pe (ee Cichlocolaptes leucophrys..............|..... Ki focfes cleo nfecfec|.cfeocfecfofeofoofe ols ofe | A} 4) 2...) 2] 3} 2) at 1 
Ae Heliobletus contaminatus..............|.....|e.0e- 2} 4/10) 6) 1)..| 2) 1) 3) 2)..| 1] 4) 3) 6 5) 2) 4) 1) 4) 1) 3] 5); 
wee | eens Eile ere Be Shocks Ch ade as a ee ee a ed He 
cesta, ee ee ae ane | 7} 1) 5) 3) 4 1) 1) 3) 1114/13) 6 
Lochmias nematura..................4..... x Sees ie ape ey ary re (OO eed ol ie) ae a 
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TABLE 9. (Continued) 
Present 
only at Fazenda Boa Fé Fazenda Comarf 
ala ley lea les fea len oD baclaslele su }eu| eu loa lea lea loa | au {oo lee Pa 
Family and species 2 | 3 F/SlFSEF S/S Se Sisis eis isisissisie sia 
St 2 Oe tale tcl) | tat cla tat to ee 
$ | 8 el Sisal slélg| ¢ iis] sl2]e| glelslglelelglelelsle 
a | o 15/8 lela slaid| § |f/S|2s[2|2/3/2/318/2/2| 8/2 \4|6 
——————— ere eee 
FoRmicanupaz (Ant- thrushes) & | | | | | | | | | 
PIOUS GUUNMIUE.... 5. . oo ccc ccce cde wess x ss + LJ | 1}. .} 1)..| | 1) 1 1) 1| 2 
OEE OE EOE ee x a ar Pane ee ee |. eis 1) 1 3}. .|. 1 
PEGCKERZIGORG SOVOTE. . ccc scecee a Pe 2 :| i| i) 3} 2)..]. sf a BE AR oe) 2 
Thamnophilus caerulescens. ........... a) en eee | 5 3} 2). .|. Le 4. 2) 1]. , A‘ B dats | aes (A 
Dysithamnus stictothoraz.............-Je-s++|...-. Be oR. Oe er Oe oe (ee [te 
Seliaee SSR errr crs) nee 29) 38 29) 29| 16 8) 6 12/28 25|15)16 14 21/10|13| 6| 6} 7| 9) 7| 3 7/10) 5 
Myrmotherula gularis................. poses x rap |. ; 7 |. |e. EZ 21) 4| | 9} 1) 6 6| 7} 3|10| 8 
Drymophila ferruginea................ ee Mode ce a}. |. | 2) 2). | 4 a 4| 3}. 2}. .|-.|. alinsaihecsifle-<f scale 
Drymophila ochropyga............00csforeecleces. 5 15) 6) sh is FB 5 : 8) ; : sa RF ‘ ce ey 
Pyriglena leucoptera................--. a) Peep a > | ‘ PE RES EA I es We ee Oe | 8 
pate a ievisate erated Aptae beeme 7| 4 4 ‘7 7| 6| 4| 11) 8) 5 9) 2 4) 8| 5/3 5} 2) 1) 5} 3) 8] 2). 
eee rer ae “mee 3} 1) 1) 1)...].. 2}..| 1 2}. J. -|--|--| | a 
eee oe X fe -fee-[eefe [eof hid 3}..| 1) 3) H} 1)..| a). 1 
ConopoPHaGiDAE (Ant-pipits) | | | | Ree | | | 
Conopophaga lineata................. me Ne sacs 20) 11}. .| 8/6 |10) 9} 16/16) 9/12) 9 a 
Cotineipar (Cotingas) ae = | ee 
eee ree x ns | |. +]. +] = chevefaal Me? 41 9). 2 
Ampelion cuculatus. ............cccccfeoese x vofesfecteesteefe-feef- PI]. .[ 1) 1 | H..}..) 1 1) 1) 6 
a eee: eee | aeeee |--|..] 5} 2) 5} 3} 2}. .|..]. ye | 1 7) 5) 5) 4} 2| 5| 6 4 
ee nals PAPO Cree! Serres | aed aed aed aed a Be od ed ad 
Pachyraniphus castaneus...............Jeee+s|e.08.8e. wee 3) 3} 2) 3) 3) 3) 8} 5}. .) 2p. .)..)..}..) ef. A...) 
Pachyramphus polychropterus..........J X |..... eee ae ae a “| 6) 2) 6| 4] 9 ao eo ee 3 Late 
Platypsaris rufus. ......... 0. eee eee Perec efeeeee 1). [e-fee}es[eefeeefe fee]. |] Thal él al aa’: -.| 2}. 
PYOGRIGS HUGICOUNS.... . 6 ook ee cc eee egocees x Frecailteraifts rebecca tevecolb aceite aif vafee{e-[..| 4 5} 4 8} 3} 3] 3}.. 
Phibalura flavirostris................. 2 eee --|--] an |: ae aes ed ed ee ae 
ee, et eee: x -|- Prt |. |- i/o Ri | ye 
PipripaE (Manakins) a a a haf 
Chiroziphia MN die cy nave es eRe noha we ce 7 4 510120112 16} 7\12| 9/10 9 219 3} 9} 8} 1) 6} 6/10) 9) 8 8 
Ne 55. 6a av ang Grbiara: asa.al SEP OB ws oy 8} 2 8/26) 12/12) 10) 3 8} i ie | 1) 1j 2}. +] +} }..) 1} Ud 
OREMOPRES GWOBOONE... . «5-5 ce cee pete spew ee | at |. -|- | 3}. | 1 | ey De ee Ua | Je-[--fe-[.-| HY 
Neopelma aurifrons.................. a See 1 +. J--J--]--[e-]---]--f.- 1). ee (BS ae ae 
TYRANNIDAE (Flycatchers) | | | ie! | |. arrere 
Mamaia Gnetibielinle. ....-.-..<0..cbe0=>. x ee mi safes ch wef Ue]. .f a} 5f..f af] ap. 
Onychcrhynchus swainsoni............J--++: x Mele ee ee |-<]-- fff -fefefe| | ie | ae 
Nd 6 8s o-5 a 5.0 we eendere os ee rrr. Ae oe he 5} 2 ])..]...] i... sf ole]. js |- = 
De. See : | See “Jo I -]--| 9} 7 5| 2)... . sof] eae 
OEE OT CELE ee eae a wat 2) 5} 3} 2). vefeefeefee] Up. .f.]. 
Herundinea bellicosa...... 2.2... 020 oe ee Gee je= +] +]. | 1). F ee ees |e] j--]- [+] 
Empidonomus varius. ................ a eee fee fed, | F wacalt |2 -|- ofoefe ef 
Tyrannus melancholicus.............. M feces am me Se ee 5 | 10). .| 1). sfeefeefeefeefeefed. me 
Phyll. myias griseocapilla.............J-++++|-+-.-[.. |---| 1}. SEP ee ee |: :|- -|. }a}-af-s]- |--| 2}. 
Tolmomyias sulphurescens............Je++++|.-... 4) 6) 4 he 3 8} 513) 8) 5 71. .| 1) 1). .| 2| 3) 1).. a ed 
Platyrinchus mystaceus. . ..... 2.0... Joeeee|e cee. 9} 10)11) 4/ 4| 4) 7) 10) 3) 5| 4) 3]12) 5 9) 1) 2) 4) 7) 3) 1) 5) 3 8 
Euscarthmornis plumbeiceps........... et Hee: 1)... 2 ee ey ee Oe eS "A ad ee = 
Hemitriccus diops.................... x 6 an a 7 9 6| 3 : ‘ 4 7+ | kone mam 
Phylloscartes ventralis................ Bm Hecate: ed ed ae :| cel ped eee 
Piaieoveriee Se ees oes x +. i, RF pe ap Bae 3 ev 17|40/2 33: 26) patsy 4| ia 9) 15}22/13 
Xanthomyias virescens................feee+-|----- oe Bl oe I..J-.]-.]-.]--). sfeefee[eefeefeefe dee 
Myicdynastes solitarius............... : a Bee 2 2 anes | 4|..| 5) 8} 3). Hise sired ecaibe 
Leptopogon amaurocephalus........... | Ras 1| 2| 1} #..}..|..|...J.. ; sfee[eefeo]e ef. ater 
Pipromorpha rufiventris...............fe¢++-|..... | 1}. .| 211) 5) 7 5] 4).. tee So | 1). 1) 1 
Pilangus sulphuratus.................feo%%+].00-. sJoeefee[- Bubs ta 1] 1). os ed 
ee... ee Coccrs Pere Se oS ae A Oe ee [| 2}. . | ms 
OxyruncipaE (Sharp-bills) | | | | | | .e F.5d | | j . 
Onyrunous cristatus. . ... oc. cece dees ficns. “| 9) 2). | 1). .] . 2) 1). 4 H...] | 1) 1) 6 1)..) 2 
Turp1paE (Thrushes) Dy Sal ~ 
Se ererees. Serra Sere |. | 2 3) 4 3) 6]. .| 9) 7 59} 5| 7) 2) 3) 4) 7) 1) 5 ‘; 
i an a REE, SCPE ee: io) 2} 1) 3] 7]. | nme & fl . 8} 1].. Jefe] 2 
ee re a eet. iy | RS eae ee ee ae |..|. |. | . 
FS Cry ee i9|i05 5/1815 201d al: ; | 1| 8}. | @l2 21/2 al 30/42|19/16 4 
CYcLaRHIDAE (Pepper-shrikes) | | | | | SA i | | | | ‘ | ‘ 
CHCIRTIAE GUIANONGIS. . . oe ccc epee osfe eee. 9 8 ¥ ae 7/10) 5) 7) 6} 2). .| 5 6) 1) 1} 1 3| 2) 2 3| 4) 2 2 
VrrEonrDaE (Vireos) ee | RRA | | | PRES" 
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TABLE 9. (Continued) 
Present 
only at Fazenda Boa Fé Fazenda Comarf 
did ) | _ ielgigigizigigis eigigigiaigiaigigizigigigigig 
sa ealiataiheatinaal o | = 15/2 /SIS/S/S/S] S |S |S /S]/F|3/F/F |S S/S |S S/F /S/e 
Mm | « - * ‘coe 
@ | & |2) 2) selele]s] ¢ lolslel 212 Sle slislelelglelaigis 
a | O [5/3 l<|al6izia}$ |S\e\<lala| S| Slee isizlalsieiala 
ComPsSOTHLYPIDAE (Wood warblers) | | 
Basileuterus culicivorus. ..........002.Poceeclecees 34/23/21/17|15}19| 16}/26/21/12)19]43 8/10} 8/11 1) 5/12/10)19 
IcTeRIDAE (Troupials) | || 
Xanthornus decumanus............... a, rete: 9} 4) 8} 5/13) 5 2 
THRAUPIDAE (Tanagers) Ce | 
De Pee | © Bisl. osfosbvcbeols obeske« eskeeb slemeeal Ste | 2... 9 
Calonpied G6sMGremh. «65. cco oc nes (eta: 28] 25} 9/25)23)12)17 11)17)14) 5f19) 2)11)25) 4/12)15 8/15/18) 5}12 
Calospiza cyanocephala...............Je+++- | eles heceeatl eed ..|24).. Hs | . 
CME CUI Ss oss dec ccenwsas ae ee Jhecsdloabeabecbctent> Ames ree ie 2 Bern (Ree 
eer eer See vefeoefee{ L]..[ 3] 2) 1) 5]. .]. [13h 2) 2) 2/14) 3}. .|..1 1) 6 = 
NUN NNN or a0 sicceisernitcse cae ics Ewes oo 2|...]..| 2] 8..]..] 8]16) 5) 5) 5 Bt ee 2} 2) 4) 2) 2/..1. 
ee ee Pron (eer 5 icveipncete Mira neede al ove ell oan heise a BS Ea a RS ag Ce a 
Thraupis cyanoptera..............0+-feeee- x | ae ie 4). .] 1]. | 2 
Orthogonys chloricterus................Je++5- | Se Bol <alolethaetheclactedt 5} 1 eae 3 
Ee PR. Seer paren scale. s-ai oie bacalbie. ofp riod ails ake mes ere See | oe Pee (a PR tes (oer HS PE 
IIRINIRR or ScctosoeaisfdS)bnlcale sreiscess Sesicey a Meads o[sefeeefoe|s sles afat olka! o). O1LE 6| 3) 5| 5| 4] 7 
Tachyphonus coronatus............... ae ees, ae ae wae ste e [este efe ste ePe ste efeefeefesfeefeefee[e sleeps stes 
Trichothraupis melanops..............|..-+- ae 5| 5] 9/20/16/13)11) 11/11) 1) 9} OF 3} 1)..| 4/16 9}12| 6/12) 8} 7|10 
Hemithraupis ruficapilla.............. Bo estan Esc lecmol Aero eod eslaattecoatt | uaa (PS VS OO se 
VRINGILLIDAE (Finches) | | Ad 
NN far oes raises, + ke eye le srasel calorie 2\° 2 5|10! 2/14] 4) 9! | ‘eRe e ase e oe ee | 
Sporophila frontalis.................-. e oe ABP E.R ee ee ee ee ee 
ee eras. Sener eres asf: fO 44)185}28/38/19|29)..|..)..]..)..|..{L1}/12} 1) 3} 4) 3 
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throughout a season are, except when climatic acci- 
dents occur, produced by 2 principal factors: breed- 
ing and migration or movement. The increases in 
sedentary species as a result of breeding will be con- 
sidered first. The increases and decreases due to 
migration or movements will be discussed in pages 
278 to 279. 

Increases Resulting from Breeding.—Vertebrates, 
in contrast to invertebrates, show only small increases 
in population during the breeding season. Birds 
seldom produce more than 3 broods of 4 young, and 
in the tropics as a rule they produce less. Further- 
more, the most frequent time of death is while the 
young are still in the nest or have just left it. The 
result is that the number of adults is relatively con- 
stant throughout the year. Another factor tends to 
obseure the annual increase. Just before the breed- 
ing season the adults are much more conspicuous and 
therefore give a false impression of abundance. Just 
after the breeding season, during the molt, the adults 
are much less conspicuous and therefore give a false 
impression of seareity. The number of individuals 
seen thus tends to remain constant. 

The birds seen in the 2 research areas may be 
divided into a group which presents an apparently 
stable population in spite of the number of young 
produced and another which shows a definite increase 
during the breeding season. For the former species 
it is certain that the true situation is masked by dif- 
ferences in behavior. 

Species Apparently Stable in Abundance—It is 
probable that some species truly show little increase, 
owing to a long drawn-out breeding season or the 


small number of young produced. Crypturellus 
obsoletus, 2 species of woodpeckers, and the cuckoo 
Piaya cayana appear to be quite stable. The dove 
Leptoptila rufaxilla differs from other members of 
its family by showing a constant abundance through- 
out the year. 

Two families (Dendrocolaptidae, Furnariidae), 
probably because of a change in habits, present an 
apparently constant number of individuals. These 
species assemble in interspecific societies which wan- 
der around during the nonbreeding season and are 
very conspicuous. During the breeding season these 
societies break up and the members become incon- 
spicuous. The probable increase in population is 
therefore masked by the change in activity. The 
species in this category are as follows: Dendrocolap- 
tidae—Dendrocolaptes platyrostris, Xiphocolaptes 
albicollis, Lepidocolaptes fuscus, L. squamatus, Sit- 
tasomus griseicapillus, Dendrocincla turdina; Fur- 
nariidae—Anabazenops fuscus, Syndactyla rufosu- 
perciliata, Xenicopsoides amaurotis, Philydor rufus, 
Heliobletus contaminatus. 

Some species, inconspicuous at all times and es- 
pecially when there are young, present an appar- 
ently stable abundance. In this group are the spe- 
cies Chamaeza ruficauda, Grallaria varia, Oxyruncus 
cristatus, and Ampelion cuculatus. 

Another group of species shows an apparently 
constant abundance presumably as the result of in- 
creased activity just before breeding and decreased 
activity at the time of maximum abundance. Three 
species are excellent examples: Chiroxiphia caudata, 
Platyrinchus mystaceus, Hemitriccus diops. Other 
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species probably belonging to this category are, for 
example, Cyclarhis gujanensis, Hylophilus poicilotis, 
Basileuterus culicivorus, Calospiza desmaresti, Habia 
rubica, and Trichothraupis melanops. 

Noticeable Increase-—Many species, at the time of 
the appearance of the young, show an increase repre- 
senting a true increase in abundance. These species 
are all definitely sedentary, easily seen, and show no 
notable changes in behavior during the season. The 
following species belong in this group: Phaethornis 
eurynome, Sclerurus scansor, Dysithamnus mentalis, 
Myrmotherula gularis, Drymophila ochropyga, D. 
ferruginea, Myrmeciza loricata, Conopophaga lineata, 
Pachyramphus castaneus, Tolmomyias sulphurescens, 
and Phylloscartes oustaleti. 

To sum up the changes in abundance due to repro- 
duction: a surprisingly small number of species show 
an increase, although it is obvious that some increase 
must oceur. 

Abundance may also be considered from the point 
of view of the number of species present and the 
average number of individuals per species. Table 10 
gives for each month the total number of individuals 
seen, the total number of species, and the number of 
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Fie. 21. Number of avian species and number of in- 
dividuals seen during each 7-day period at Fazenda 
Comari and Fazenda Boa Fé. The interrogation mark 
indicates doubt of the validity of the data for May, 
1942, nt Comari. 
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individuals per species. 
graphically (Fig. 21). 
The total number of birds seen at Fazenda Boa Fé 
showed a great increase in the month of January 
and a great decrease in April. The increase in Jan- 
uary was due in part to the number of young pro- 
duced during the breeding season, but the increase 
and decrease are probably in large measure the re- 
sult of movements, as discussed below. 


The data are also presented 








TABLE 10. Avian population in the research areas, 
: Pe ; pro Individuals 
ee See Tei Rc b.6:. 2 F 
Boa Fé | Comari | Boa Fé | Comarf | Boa Fé | Comarf 
1942 be 
BN vn icaloncint - 341 - 41 - 8.3 
June. aus ee 271 234 41 42 6.6 5.6 
SE ee 370 192 37 43 10.0 4.5 
August....... 298 219 47 44 6.3 5.0 
September... .. 338 202 49 44 6.9 4.6 
October... ... 281 189 47 47 6.0 4.0 
November... . . 270 219 47 43 5.7 5.1 
December... .. 348 177 51 44 6.8 4.0 
1943 
January....... 513 210 53 46 9.8 4.6 
Eebruary...... 342 228 52 43 6.6 5.3 
March........ 231 201 42 43 5.5 4.7 
ee 181 206 33 49 5.5 4.2 
eae 254 - 47 _ 5.4 - 























At Fazenda Comari the number of individuals in 
the forest was surprisingly stable. Only in the month 
of May, 1942, were more birds recorded. ‘his was 
the first month of observations, and the observations 
in May, 1943, although not routine and hence not 
listed in Tables 9 and 10, did not indicate any in- 
crease in comparison with other months. It is pos- 
sible, therefore, that the large number recorded for 
May, 1942, is erroneous. 

Increases and Decreases Resulting from Move- 
ments.—Many species of birds migrate either a long 
or a short distance for the purpose of breeding. 
Other birds, usually in search of food, exemplify 
nomadism or irregular wanderings. The birds of 
the research areas may be divided into categories 
characterized as sedentary, migratory, and nomadie. 

Sedentary.—All the species mentioned in the pre- 
ceding section are sedentary. However, within the 
group are species which stay for many months in 
one very small area of perhaps half an acre. Ex- 
cellent examples are the species Platyrinchus mysta- 
ceus and Chiroxiphia caudata. Other species remain 
in a very small area during the breeding season but 
in other seasons wander about an area of a few 
acres. Most of these species form avian societies, as, 
for example, Anabazenops fuscus and Xenicopsoides 
amaurotis. 

Migratory.—The region under discussion has 2 mi- 
gratory populations, one arriving for the winter and 
the other coming in to breed: in the summer, as is 
shown in Table 11, which is based on Table 9 with 
additional observations in auxiliary areas and from 
June to September, 1943. No species is certainly 
known to be transient, i.e., merely to pass through 
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TABLE 11. Presence of migratory and nomadic avian species at the estates. 
Fazenda Boa Fé Fazenda Comarf 
s| lel s| |gle 
sali glElElEl4| 8/4 ele(e\ela| 8/8 
S/S/S/2/8/S(ElElalelel>|alsieis| si slels 
SIS) 8) S/S) S/S s/s SE) 2/ 8/5) Sell s/ 8) sisi elBle 
SIS /R/O/ZIAISISISI</S/4S/S/ 4 alolzlalsicisiais 
Columba plumbea..........-- A A Ge EO Ak Be ae the AE py 
Claravis geoffroyt Re ees oe, han, eee Jame ‘e xi... x 
Forous passerinus.........---| oi 80 be ee Be 48 % |x x 
Melanotrochilus fuscus........|...|---|-+-|e+-fee-{eefee- x See ee See xixil|xixix 
Laniisoma elegans..........-.}.--J-+-Jo+-Joee[eredessfese[esefereferdersteee[ere[e. Se aE ee oe we ee 
yO? Rote ape eniheera x | x x |x| x]. x) xX) xX] x |x) x] x]xi}x]x 
Pachyramphus polychropterus .|...|...|.--|--- oof 1 Se Oe eS es, tee 
Procnias nudicollis........... | Se ee el eS 
Phibalura flavirostris......... Si. K1S soll iukd ini ak! bis hak BRS crea AS ETE, SO aR re | Eres | ras 
Tilyra COYONG....... eee ee eee fees fee e|ees|ereders RS ere as ee RL IR, Lee map: (eee (re (Ae |g: 
Onychorhynchus swainsoni....|...]..-|---|---[oee[eeedeeedece[ece[eeefee eee e[ece[ece[ee eles efeoe] |X 
Sirystes sibilator............. SABLA BL STS oe we ae he 
Myjiarchus feror............. Pe Se (PN A ee vg <i) | 
Empidonaz euleri............ srerdlie a allsis's Lovee |e fume Ape metal ee 
Myrodynastes solitarius....... che eelliecec) Ak ae Ewen ee a) = 
Leptopogon amaurocephalus...| X | X | X | X |... ae he 
Pipromorpha rufiventris.......|...|...|-.-| X |X |X |x |xX]x ite x x |x 
Xanthornus decumanus....... Re res ab ee a od ae a a vee oe 
Tanagra pectoralis........... op aihisohelcie above vifs-o seo «flew alhiecsr sion tener ele «9 OP Mic ele ae 
Sporophila frontalis.......... ww tle qrallioie Seis: sils-n ell wae ae 13 ae 
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the region to and from the nesting grounds. A con- 
siderable number of species come into the region for 
the winter: Columba plumbea, Phibalura flavirostris, 
Sirystes sibilator, Leptopogon amaurocephalus, Tana- 
gra pectoralis. Another group of species comes 
into the region for the breeding season: a humming- 
bird Melanotrochilus fuscus and several cotingids 
(Laniisoma elegans, Pachyramphus polychropterus, 
Procnias nudicollis), flyeatchers (Myiarchus feroz, 
Empidonax euleri, Myiodynastes solitarius, Pipro- 
morpha rufiventris), and finches (Saltator similis, 
Sporophila frontalis, Haplospiza unicolor). Unfor- 
tunately it is not known where these birds spend the 
winter. Many probably descend to the lowlands. 

Taxonomically the migratory species belong prin- 
cipally to 2 families, Tyrannidae and Cotingidae. 
The Fringillidae is the only other family represented 
by more than one species. 

Nomadic.—Some species of birds wander about in 
search of food at certain seasons in the year and ap- 
pear irregularly in the forest (Table 11). The tana- 
gers of the genus Thraupis, the thrushes Platycichla 
flavipes and Turdus albicollis, and the honey-creeper 
Dacnis cayana show this type of wandering. Other 
species apparently spend most of the year in fields 
and cultivated land but enter the forests at certain 
seasons primarily in their postbreeding wanderings. 
The flyeatechers Tyrannus melancholicus, Empidono- 
mus varius, and Pitangus sulphuratus belong in this 
group, as well as the troupial Xanthornus decumanus 
and the thrush Turdus rufiventris. 

The movements of birds may also be examined 
from the point of view of the number of species 
present and the total individuals per species. Table 


10 gives the data for both estates, and Figure 21 
expresses the data in graphic form. At Fazenda 
Boa Fé during June and July a small number of 
species was present, presumably indicating the win- 
ter stable period. The increase in subsequent months 
indicates that species came in to breed, and the in- 
erease in species in December, January, and Feb- 
ruary probably represents wandering of young and 
adult birds. The small number present in April 
presumably represents the period after summer resi- 
dents have left and before winter residents have ar- 
rived. The great increase in total individuals seen 
in July is almost entirely due to the influx of Platy- 
cichla flavipes, which came to feed on palm nuts. The 
great increase in number of individuals in January 
is almost entirely due to 2 finches (Haplospiza uni- 
color and Sporophila frontalis), which came in to 
feed on the seeds of the small bamboos. 


The conditions at the other estate, Fazenda Comari, 
are very similar. In September many migrants ar- 
rived; and in January adults and immature indi- 
viduals wandered around. The increase in April is 
not understood. The drop in total number of indi- 
viduals seen in July is almost entirely due to the 
departure of the trush Platycichla flavipes. The in- 
crease in February. is probably due to the number of 
young out of the nest. 

To summarize, the avian population in the 2 forests 
shows changes in the numbers correlated with the 
inerease produced by breeding and with the move- 
ments of individuals into or out of the area. Some 
species are stable in numbers; others vary greatly 
from month to month. 
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July, 1945 
MAMMALS 
Breeding Season 


In the case of mammals as of birds, a knowledge 
of the breeding season is fundamental to an under- 
standing of abundance and of movements. Evidence 
of breeding was obtained from mammals trapped in 
kill traps outside the research area. Because the 
trap lines were set in different types of vegetation 
in different months, some species are not represented 
in all months. Although in most cases only a few 
individuals are recorded during a period, the num- 
bers are adequate to determine the breeding season. 
Although percentages were not calculated because the 
numbers are small and such calculations would give 
a false notion of significance, simple inspection of 
the totals is sufficient to show the breeding season. 
Each species is tabled separately; to combine the 
results would obscure differences between species. 

Most species of rodents begin to breed in July 
and August and reach full reproductive activity in 
Oetober (Table 12). A few immature individuals 
are present in all months, but in October the young 
begin to appear in numbers. Breeding continues 
through the month of April, but in May most repro- 
duction has stopped and the immature individuals 
predominate. In contrast to other rodents, the spe- 
cies Proechimys dimidiatus and probably P. iheringi 
continue breeding throughout the year. This con- 
clusion is based in part on Table 12, but mainly on 
the series of live rodents trapped in June and July, 
1943, of which only those killed accidentally are re- 
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corded in Table 12. Many individuals of both species 
were reproductively active. As in the case of birds, 
breeding begins at the peak in numbers of trees in 
fruit. 

The marsupials, which are the only common large 
mammals, apparently have one litter in August and 
another in October. Table 13 shows the breeding 
condition of all female marsupials captured. Some 
individuals of Didelphis marsupialis were recaptured 
in successive months and hence are noted several 
times in the table. The breeding history of a few 
individuals is known. One opossum (M 14658) was 
captured regularly from August to June. In Av- 
gust she had 8 young in her pouch. In September 
she lost the young, presumably because of being re- 
peatedly captured. In October she had in her pouch 
10 recently born young which she still carried in 
December. From January to June she had no young. 
Another female (M 14669) had 8 young in August 
and when next caught, in October, she had no young. 
In January she had 8 large young. Two young fe- 
males caught repeatedly between January and June 
continued to have an undeveloped pouch. Three 
females of the woolly opossum (Caluromys  phi- 
lander) were captured regularly. One individual 
(M 14674) lost her 4 young in August, 1942, pre- 
sumably because she was repeatedly recaptured. 
When next caught, in April, she had no young, but 
when captured in September, 1943, she had 4 young. 
Another (M 14680) which had 4 young in August 
retained them through October. The mammae con- 
tained milk until February, but in March and May 


TABLE 13. Breeding condition of female marsupials at Teresépolis.* 
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the pouch was small and hairy. In July she again 
had 4 young. A third individual (M 15119) had 2 
very small young in her pounch in January but when 
next caught, in April and May, lacked young al- 
though the mammae contained milk. 


Changes in Abundance 


Information concerning the abundance of mam- 
mals was obtained from the number of individuals 
captured in the research area. Since the same num- 
ber of traps was set for the same number of nights 
along the same trail, the totals for each month are 
comparable. It will be remembered that these mam- 
mals were not removed from the area but released 
alive. Table 14 and Figure 22 show that the number 
of individuals captured each month decreased sharply 
in November and did not inerease again until May. 


TABLE 14. Number of mammals captured each period 
in the research areas. 
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Inspection of Table 12 shows that in the auxiliary 
areas the number of immature individuals increased 
at the time the total number of individuals decreased. 

Another source of information concerning the 
abundance of small mammals is the number caught 
in the kill-trap line in auxiliary areas. This line was 
set in different vegetational areas nearly every month, 
although some areas were retrapped after an interval 
of several months and obviously. provide the best 
comparisons. The data in Table 15 and Figure 23 
are organized on the basis of mice per trap-night 
because the number ‘of traps and number of nights 
were always different. The number of mammals 
caught in the auxiliary areas decreased in a manner 
similar to the number in the research area. The 
most instructive contrasts are provided by the areas 
which were trapped more than once. At Fazenda 
Boa Fé, area A was trapped in August, September, 
and April and produced about the same number of 
rodents. Area B showed a great decrease between 
October and February. Area D showed a great in- 
erease in May as compared with December. At 
Fazenda Comari the same trends are present. Area 


Davp E. Davis 





Ecological Monographs 

Vol. 15, No. 3 
B produced about the same number of rodents per 
trap-night in September and April but fewer in 
January. Area E produced no rodents in December 
but a very large number in May. 

The evidence here presented shows that the num- 
ber of rodents captured in the forest decreased in 
October and November, reached a very low number 
from December to March, and then returned to a 
high level in April and May. The interpretation of 
these observations is frankly unknown. That this 
decrease really represents a decline in abundance 
may be doubted. There are several possible reasons 
for the decrease in the number captured. First, the 
bait should be mentioned. It is possible that from 
October to March there is so much natural food in 
the forest that the mice are not interested in artificial 
bait. But the number of trees in fruit (Table 4) is 
small in January and February. This observation 
cannot be interpreted until the food preferences of 
the species are known. However, the fact that the 
few individuals which were trapped in the live-trap 
line were retrapped several times indicates that these 
individuals, at least, were interested in the bait. Also, 
many different types of bait were used, all with the 
same results. A second interpretation of the de- 
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Fic. 23. Rodents (all species) captured per trap-night 
in the auxiliary areas at Fazenda Boa Fé and Fazenda 
Comari. The letters on each line refer to different areas 
in which traps were set. 


TABLE 15. Number of rodents caught in auxiliary areas. 














Fazenda Boa Fé Fazenda Comarf 
Period | | Rodents Rodents 
Area} Trap- | Rodents |per trap-|Area| Trap- | Rodents |per trap- 
nights night nights night 
1942 | 
August....| A 438 10 .023 A 472 18 -038 
September .| A 442 14 .032 B 696 19 | -027 
October....| B 706 33 .047 Cc 715 14 | = .020 
November .| C 442 15 -034 D 648 16 -025 
December..| D 447 ll .025 E 480 0 | .000 
1943 | | 
January... E 509 13 .026 B 623 13 -021 
February ..| B 667 12 -018 E 554 4 | .007 
March. . E 594 23 -039 F 521 6 -012 
April. ..... A 496 14 -028 B 601 16 | -027 
May. D 655 54 -082 E 363 21 -058 


























crease is that the mammals moved out of the area. 
However, many individuals were known to have 
stayed in the same general area during the summer 
months (see p. 282). Furthermore, in December at 
Fazenda Comari a trap line was placed on a hill 
above the research area trap line, in the only place 
to which the rodents could go, but not a single mam- 
mal was trapped (see Table 15). A third interpre- 
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tation is that the mice became at least partly aboreal. 
But traps set in the trees caught nothing, and indi- 
viduals when placed on horizontal limbs failed to 
show any ability to climb trees. Akodon nigrita in 
particular showed no comprehension of the situation; 
when placed on a branch the individuals merely ran 
forward in any direction and fell to the ground. It 
is true that during the time of decreased captures 
the ground was extremely wet and during the time 
of increase the ground was very dry. However, this 
factor in itself does not seem to be the cause of a 
decrease in the number of individuals. Unfortunately 
it is impossible, with the present evidence, to know 
whether there is a real decrease in the number of 
individuals in the forest or whether the trapping 
system fails during the time o% small captures. 


Movements 


The travels of individual mammals can be deter- 
mined by means of trapping, marking, releasing, and 
then retrapping. While the percentage of individuals 
which are retrapped is always disappointing, usually 
a sufficient number of records can be obtained to 
permit some cautious conclusions. The details of the 
movements will be treated in a separate paper (Davis 
1944 a); at this time the point of interest is the pos- 
sibility of changes in the type of movement during 
the annual cycle. It may be expected that before 
and after the breeding season there would be more 
movement and also that the young individuals would 
move about more than the adults. 

The distances traveled by individuals were deter- 
mined by retrapping along the trail. Although the 
traps were not set in a grid, if individuals moved 
any great distances, an occasional one would be 
caught at a distance from the original location. Of 
155 mice released, 82 were recaptured and 52 were 
recaptured in more than 1 month. The mice were 
recaptured a total of 152 times, and in only 15 
instances was the location of recapture more than 100 
meters along the trail from the place of original 
capture. Three species were retrapped regularly; 
9 individuals of the species Thomasomys sublineatus 
were retrapped 18 times; 44 individuals of Akodon 
arviculoides were retrapped 91 times; 29 individuals 
of Akodon nigrita were retrapped 43 times. Appar- 
ently these 3 species have a home range with a 
radius of less than 100 meters. 

While it appears that individuals seldom move 
more than 100 meters, it is proper to consider the 
possibility of more movement at different times of 
the year. Table 16 gives the data for the number 
of recaptures in each month. The number of mice 
released is given for each species under each month; 
the number recaptured may be deduced from the 
column for the subsequent month. For example, of 
the species Akodon arviculoides, 9 of the 16 indi- 
viduals released in September were recaptured in 
October. To cite another example, in December, 1 
individual of Akodon nigrita was recaptured from 
those released in all previous months. In May, 6 
individuals of Akodon nigrita were recaptured out 
of those previously released. For the species Akodon 
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arviculoides it will be noticed that in the month of 
January and from April to June a large proportion 
of the previously released mice was recaptured. Al- 
though the numbers are admittedly small, this line 
of evidence suggests that the mice are more sedentary 
in these months. 

The movements of individuals may be examined in 
another manner. The number of months an indi- 
vidual was known to have stayed in one place may 
indicate the extent of movement. Table 16 shows 
the number of months in which individuals of 3 
species were recaptured. Even though the number 
of individuals of Thomasomys sublineatus is small, 
it is worth noting that 2 individuals were captured 
in the same place in October, November, and Decem- 
ber. Similarly, for Akodon arviculoides the indi- 
viduals seemed to remain in the same place for the 
months of October to June. Of the large number 
of individuals released in September only 2 were 
recaptured in November. In the period from No- 
vember to May numerous individuals were recaptured 
for several months. A consideration of Table 16 will 
indicate the number of individuals released in these 


months. Individuals of Akodon nigrita remained in 
the same area during November, December, and 
January. 


The recaptures of individual marsupials are shown 
in Table 17. The adult females of Didelphis mar- 
supialis remained in the same place. One female 
was caught under the same bush from August to 
June. The males, on the contrary, were seldom re- 
captured. Of the 11 males trapped and released in 
the research area at Boa Fé, only 3 were retrapped. 
One was trapped in August, April, and May; an- 
other was retrapped for 2 months and another for 
3 months. Twelve young were numbered while in 
the pouch of the females. Only 1 of these (M 15137), 
a female, was recaptured. She remained in the same 
area from January to June. It appears that the males 
move about more than the females. It should be 
noted that many new individuals were captured in 
April, May, and June. 

Several individuals of the 4-eyed opossum (Phi- 
lander opossum) were retrapped. In the forest at 
Fazenda Comari 1 male was caught at the same place 
in December, January, and March. Two young males 
were caught in November but were never caught 
again. In May 1 male and 1 female were caught. 
The forest at Fazenda Boa Fé is not a good habitat 
for this species. One male caught in an auxiliary 
area was released in the research area in September 
and not retrapped till May. Another male was 
trapped in August about 1% kilometer from the re- 
search area but released in the research area. In 
September he was caught in another patch of forest 
about 14 kilometer away. In the research area at 
Fazenda Boa Fé only 1 individual was trapped be- 
fore May. This was a male which was trapped first 
in February and then in June. But in May and 
June 1 male and 2 females appeared. Apparently 
in May and June there is a considerable movement 
through the research area, but the individuals do not 
settle there. 
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species of mice. 





Number of releases and recaptures 
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Several individuals of the arboreal woolly opossum 
(Caluromys philander) were recaptured (Table 17), 
always in the same trees. It appears that each indi- 
vidual remains within a small area. 

Several species of bats were found during the year. 
Two species are possibly more common than the 1 
individual of Molossus obscurus found in a tree hole 
and the 2 individuals of Myotis ruber found in a 
house would indicate. Other species which inhabit 
3 artificial caves dug in the hillside were regularly 
captured. One day each month the caves were visited 
and the bats were captured with a hand net. There- 
fore it seems that the changes in the captures give 
some idea of changes in populations. However, the 
numbers of bats in the caves varied from day to day. 

The number of individuals of the species Carollia 
perspicillata, a fruit-eating member of the phyllosto- 
mid family was fairly constant. However, perhaps 
it is significant that in July, August, and September, 
1942, a total of 4 individuals was captured in the 
mousetraps, which were baited with banana. No 
more were captured till January, 1943, when 5 ap- 
peared. A likely explanation of this variation is 
that the food supply failed in these months and the 
bats were forced to seek food in the traps. The 
members of the species Anoura geoffroyi, a nectar- 
feeding member of the phyllostomid family, were 
captured in great abundance in the first few months 
of the work but were not found in October, Novem- 
ber, or December. However, in J anuary small num- 
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ii TABLE 17. Captures and recaptures of marsupials. bers returned and were found consistently for the 
) rest of the year. The true vampires, Desmodus ro- 
| 19420 | 1943 tundus, were present in small numbers at all times, 
| ‘ c 1], 181E} lel ne —g except in October, November, and December. Ac- 
ividus | sex Hle(/2i Sian e) | | : ; 
— | %/E\E/E/e) z/3|<|| | | {8 cording to local residents these bats do not bother the 
| | 2 \e JEISiSla = A ° 
3/5 ElE|z\a\elgleig £/2/& domestic animals near by and thus are presumed to 
——__—_—___|__—_---|---F-I--|--|-_ feed on wild species. It is interesting to note that 
DipeLPais | | | eee the inoffensive bats of the phyllostomid family spend 
MARSUPIALIS | | | | | | = one," - eee: dl : ° : 
oe” bake | Female. x|x|x|s stale Jelelel. 3... the days in the same caves as the vampires. In 
M 14669....| Adult. Female. | x |. .| x | x | |. the month of February, 4 individuals of the scarce 
M 14721....| Adult......| Male... x]. [+] fof]. IRL) species of vampire bat Diphylla ecaudata appeared 
" IF : Se : 
z th * po ae oo ss se mt hs ee ta |x| in the caves. These variations in the numbers of the 
MM 14908....| Adult......| Male... 7 “ae individuals captured, coupled with the known feed- 
M 15001....| Adult... | Male... |. Bawa | ing habits of the bats, suggest that some individuals 
M 15085....| Adult... ee a | x|x_| | have wandered considerable distanees. Further in- 
. ry 2 | | | | | | . ° . . . . . 
M'15006..../ Immature . .) Female. | Roa So As da eS bo dication that this is the case is that, in spite of con- 
M 15137... .| Young | Female.|. .|. L. |x|..Jx]x]x]x vee t » aint tecinadi s fr th 1 - 
oir. |\Yene | eeeb| | emer | a stant captures and eliminations from the caves, some 
M 15319..../ Adult. .....| Male...|..}. Je-f--fo-fe-]--fae fae [ bats were always present and hence must have come 
M 15357. ...| Young | Male... . | x|..| from other places. 
NS...) AON. -....| ee, a *\| In order to study the movements of individual bats 
M 15422.... Immature ..| Male...|..|..|. } |--]- x E ves hed th esa theme ten B . 
M 15611....| Adult......| Male...)..}..)..)..}..] |. ts some were marked with numbered bands on the legs. 
M 15512....| Adult......| Female. |. | Catal x Of 9 individuals of the species Carollia perspicillata 
M 15522....| Immature . — | off] | x released in September, 2 were captured in the same 
M 15541....| Adult. .....| Male. .}. | oe |* | cave in May and 1 was caught in a rattrap in Janu- 
M 15542....| Adult......| Male... al |x ‘ Su ate ee 
Giana r | | ary. It should be noted that some individuals were 
| | | | | ° : . . 
Pouanper | | | | | | captured in the caves in all the intervening months, 
M 14674. .../ Adult......| Female. x}..|..|..)..]..|....]x]..| x _ but none was a marked individual. The 1 individual 
M 14680. ...) Adult. ..... | Female. | x | x oe TeL Tre rtt marked in November was captured in the same cave 
M 14895....| Adult......| Male...|..}../x |x leah in D b Sem indictiineks of thet eS 
Mi4iig....| Adult......| Female.|..|..|..!..|--/x|..|..)x/x/..|..|.. 1m December. Ten individuals of the species Anoura 
M 15228....| Immature ..| Female.| |. i: Biers | }x|-. geoffroyi were banded and released, but none was 
M 15325....| Immature ../ Female.|..|..|../..|..)..|..)..}x|..}. - ever recaptured in spite of the large number of speci- 
M 15326....| Adul | Male | || Pp Pp g p 
sania: vapaibii eee FES | mens subsequently collected. The evidence from 


banding, although scanty, shows that marked indi- 
viduals were seldom recaptured in the eave where 
they were caught. It appears likely that the bats 
move about from place to place and hence are not 
recaptured. 

The changes in the sex ratio of mammals also 
throw light on movements. Again the number of 
individuals is too small to have statistical signifi- 
cance (Table 18, Fig. 24). However, it may be ob- 
served that the ratios for both species of Akodon in 
the auxiliary areas (kill trapping) and the research 
areas (live trapping and releasing) show a prepon- 
derance of males in September and October and 
again from March to June. One possible explana- 
tion of these ratios could be that the males move 
about more in the early part of the breeding season 
and hence fall into the traps more frequently than 
the females. 

Another aspect of the sex ratio is noteworthy. The 
sex ratio of both species of Akodon was higher in 
the auxiliary areas where the mice were killed than 
in the research areas where the mice were released. 
A possible explanation is that the males, killed and 
removed from the -auxiliary areas, were replaced by 
other individuals; but in the research area the males, 
being released and thus still alive, were not replaced. 
If the males move about more than the females, a 
higher proportion will be caught in the auxiliary 
areas. 

While unfortunately based on small numbers, the 
3 lines of evidence here presented, namely, propor- 
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TABLE 18. Sex ratios of rodents from August, 1942-June, 1943. 
Total 
Period Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June Individuals 
Species CES PEGE, Fees se. =a ean 
Sex M|FIM;|F{M/;|FIM|FITM|FIM/|FIM!]FIM/]FIM|FIM|FIM|F M/F 
Auxiliary 
THOMASOMYS Areas 1}; OF 1 Pe St} Be 11 Fe Ol Ct Ol CF 1) BF OC; ti 6] OF SI BK i = 9 14 
SusBLineatus oe = Say eee Ee | 
Research 
Areas —f=—8 @) 95 Si 67 31 62 o) 4252) Fi OO] SE 2t OF 1) 352} 2a Ol Oh tl a 
Auxiliary 
THOMASOMYS Areas 4; 5] 4/11) 5] OF 1) OF O| OF S&S] 24 OF} OF 1] OF S|] 271] OF —| —]| 26 20 
CoLLinus = 
Research 
Areas 2 0 1 a 4 1 1 1 1 0 0 0 0 0 1 1 1 2 0 1j-|- 11° 9* 
Auxiliary 
Areas ll 7412 7419 9} 10) 11 1 3 2 3 3 2) 11 5 5 1] 27/12} — | — } 101 60 
AKODON Ratio 1.57 1.72 2.11 -910 667 1.50 2.20 5.00 2.25 1.68 
ARVICULOIDES — 
Research 
Areas =}> 2 | 1 u| 9 2| 5 2) 4 s| 6 5) 8 3| 4 ‘| ofa] 4 s| 2 43* | 39° 
Ratio -925 1.57 -400 667 624 -750 444 2.75 2.00 1.10 
Auxiliary 
Areas 21 On Ot SE 71 SES ia st 3 2| 3] 0) 2] O| 3 2 | 3] 11 | 9i-|-—] 3 29 
—E—EEE a a | 
Ratio 1.20 3.50 1.00 3.00 667 667 1.25 1.14 
AKODON = 
NicRITA Research 
Areas ts 13 | 0| 4 a| 5 | 0 | 7 1| 5 2| 5 10| 5 18 | 1 ‘| 3 47° | 46° 
Ratio 1.18 2.25 -600 .572 -200 -400 2.00 .] 1.36 1.33 1.02 












































*Live individuals are recorded in each month captured but only once in the total. 


tion of recaptures, individual movements, and changes 
in sex ratio, all suggest the conclusion that September 
and October and, for some species, March to June, 
are seasons of increased individual movements. 


THE SEASONS IN THE FORESTS 


The subtropical regions are known to have definite 
seasonal changes in the flora and fauna, though in 
most cases lack of rainfall instead of low tempera- 
tures is the cause of the seasonal changes. In the 
forests investigated in this work a definite seasonal 
trend was obvious. The changes in the flora and 
fauna may be divided into biological seasons which 
are the same as the 6 seasons in temperate North 
America. The present discussion may be considered 
as a tentative outline of the seasons and changes in 
plants and animals. Inasmuch as only 4 groups of 
organisms were studied and, more important still, 
observations for only 16 months were obtained, the 
present outline may require modifications in the light 
of newer research. However, it is felt worth while 
to call attention to the seasons, firstly, because it 
is commonly overlooked that in the subtropical re- 
gions there are definite seasons, and, secondly, be- 
cause the annual cycle in the forest is most easily 
visualized in a succession of seasons. 

The comparison of the trees, mosquitoes, birds, 
and mammals permits the division of the year into 
6 seasons. Naturally the beginning and end of a 
season are gradual and each season merges into its 
successor. In some cases it was difficult to decide 
which month should be used as the demarkation 
point. Furthermore, it must be rememebered that 
differences in weather may advance or retard a sea- 


son by as much as 2 weeks. Therefore in the fol- 
lowing discussion the beginning and ending dates 
must be considered as approximations of about 2 
weeks in either direction. 


HIBERNAL SEASON 


The winter season during June, July, and early 
August is fairly clearly delimited by the dry cool 
weather and consequent biological inactivity. The 
rainfall is low (about 50 mm. a month). The tem- 
peratures are also low, averaging about 14.5° C. (see 
Fig. 3). The storms which do occur are cyclonic in 
type, and the fine days are brilliantly clear and cool. 
There is much fog in the mornings during the periods 
of clear weather. 

There are some trees in flower, such as Casearia 
sylvestris and Pisonia cafferana, which are conspicu- 
ous in the forest. Many tree species, mainly those 
which were in flower 6 months earlier, are in fruit. 

The mosquitoes present in the winter season are 
almost entirely sabethines. Owing to the cool weather 
the individuals seldom move about and seldom molest 
humans or other animals. The ground pools are 
nearly dry, and there is virtually no breeding of 
aedine species. 

The avian population in the winter is very stable. 
The individuals move about a little from day to day 
looking for food, and the avian societies are promi- 
nent during their wanderings. The number of indi- 
viduals and species present is relatively low com- 
pared with later seasons. There is no indication of 
breeding. 

The mammalian population resembles the avian in 
its stability and inactivity. There is little movement 
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Fig. 24. Sex ratio during each period for two species 
of mice at both estates. In the research areas the mice 
were captured and released. In the auxiliary areas the 
mice were killed. 


and no breeding, although in the latter half of July 
some individuals show indications of enlargement of 
the reproductive tracts. A relatively large number 
of individuals may be captured at any time, and the 
sex ratio is in favor of the males. In summary, the 
hibernal season is one of inactivity and stability. 


PREVERNAL SEASON 


The months of August and September delimit the 
prevernal season fairly well although. since the pe- 
riod is one of great change, much variation may be 
expected from year to year in the beginning and 
ending dates. The season is short, really lasting 
about 6 weeks. The weather in the month of August 
is very similar to that of the hibernal season but 
perhaps sunnier and drier. In September, however, 
the amount of rainfall is noticeably greater and the 
average temperature is higher (Fig. 3). Numerous 
trees are in fruit, and many are in flower. Two trees 
(Jacaranda and Cedrella) which have been conspicu- 
ous because of lack of leaves come into bud. Some 
of the prominent trees in flower are Guarea alternans, 
Picramia glazioviana, Euterpe sp., and Solanum sp. 
Some of the prominent trees in fruit are Croton 


salutaris, Casearia inaequilatera, Licania spicata, and 
Parinarium glaziovianum. 

The mosquitoes continue at a low level of abun- 
dance in the month of August, but in September they 
begin to increase. The changes in the mosquito fauna 
do not fit into the prevernal season, according to the 
observations at present available. During the period 
of August the captures of mosquitoes resembled the 
conditions of the hibernal season, and during the 
period of September the captures resembled the con- 
ditions of the following vernal season. However, it 
should be remembered that the mosquitoes are very 
dependent upon the weather, and the month of Au- 
gust, 1942, was colder than normal and hence may 
have produced a false resemblance to hibernal con- 
ditions. 

The birds change rapidly in their habits in the 
months of August and September. The migratory 
species arrive, and there is a consequent increase in 
the number of species present as well as some in- 
crease in individuals. (The great number at Fazenda 
Boa Fé in July, 1942 (Fig. 21) is not usual; see 
p. 278). Some of the winter residents leave the area. 
There is dispersal of the dvian societies which were 
so prominent in the hibernal season. Singing and 
holding territory begin; the gonads reach sexual 
maturity; the birds build nests and lay eggs. 

The mammals also come into full breeding in the 
prevernal season. The rodents become sexually ac- 
tive, and a few immature individuals appear. The 
opossums produce the first litter. Large numbers of 
mammals may be captured, a probable indication that 
there is considerable movement around the forest. 
The sex ratio is very high in favor of the males, 
again apparently indicating that the males are moving 
about in search of females or home ranges. 

The prevernal season is one of great and rapid 
changes in the fauna. It is the awakening of the 
animals from the stability of the hibernal season. 


VERNAL SEASON 


The months of October and November may be con- 
sidered as the vernal season, which, like the pre- 
vernal, is a season of rapid change and consequent 
variation from year to year in the date of beginning 
and ending. The weather in these 2 months is rainier 
than in the month of September and the temperatures 
continue to rise. The rains are cyclonic in nature 
and usually last for several days at a time. There 
is much cloudy and damp weather. The trees show 
little of interest. In the latter part of the season 
some species, such as Cedrella fissilis and Trichilia 
angustior, develop flowers, but these species really 
come into full flower in the following season. Cal- 
lichlamys latifolia is in fruit. 

The captures of mosquitoes in the period of Oc- 
tober produced the same species as in September, 
and the allocation of seasons does not fit the condi- 
tions of mosquitoes very well. In November, how- 
ever, there was a great increase of mosquitoes, due 
to the appearance of the aedine species which breed 
in ground pools. It is possible that the coolness and 
excess rainfall in October, 1942, caused a retarding 
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of the appearance of the aedine mosquitoes. If they 
had appeared a week earlier, the mosquito conditions 
in the period of October would have resembled those 
of November. 

The birds during the vernal season are almost en- 
tirely occupied with breeding. The migration is vir- 
tually over, and as yet there are few young out of the 
nest. The number of individuals seen is low, pre- 
sumably because of the secretiveness around the nests. 

The mammals in the period of October showed a 
great abundance and a very high sex ratio in favor 
of the males. These observations probably indicate 
that the males are then moving around in search of 
females and home ranges. All individuals are in 
full breeding conditions. The opossums have a sec- 
ond litter. Many immatures are wandering around 
for the first time. The period of November, how- 
ever, showed a great change; the sex ratio dropped 
to nearly 1:1; and the number of individuals ecap- 
tured decreased greatly. The number of immatures 
inereased even more. The vernal season is one of 
great change in the mammalian fauna, and the dates 
of beginning and ending may be expected to vary 
from year to year. 


AESTIVAL SEASON 


The months of December and January have very 
similar weather conditions. The rainfall is heavy 
and the temperatures are high. During the month 
of December convectional rains appear and replace 
the cyclonic type, causing a profound change in 
weather conditions. The trees come into the height 
of the flowering season in January and continue 
through the month of February. Many species are 
in bloom and many are in fruit. Some of the im- 
portant species in the forest, such as Xylopia brasi- 
liensis, Sparathospermum .vernicosum, Posoqueria 
macropus, Callichlamys latifolia, and Clethra laevi- 
gata, have flowers at this time. The large number of 
flowering trees produces a veritable blanket of flowers 
on top of the forest. 

The state of the mosquito fauna observed resembled 
that of the period of November. In general there 
was a decrease at this time, probably due to the 
abnormally cold and rainy weather during December, 
1942. It seems likely that under more nearly average 
conditions the mosquito fauna in December would 
resemble that of January. It should be noted that 
some species, such as Wyeomyia brucei, appeared; 
others, such as Wyeomyia bourrouli and Trichoproso- 
pon rapax, decreased greatly in number. 

The birds in the period of December began the sea- 
son of postbreeding wandering, molting, and abun- 
dance of young. In response to the movements of 
individuals about the forest, a large number of spe- 
cies and many individuals of each were recorded. In 
January, especially, the postbreeding wandering was 
conspicuous. These conditions continued through the 
period of February. 

The mammals in the period of December were in 
virtually the same condition as in November and con- 
tinued this condition through the period of January. 
The rodents continued in full breeding state and the 


Davw E. Davis 





Ecological Monographs 
Vol. 15, No. 3 


opossums still had their second litter. The number 
of individuals captured was very low throughout the 
entire 3 months and the sex ratio was in favor of 
the females, perhaps as a result of decreased move- 
ment. The number of immature individuals econ- 
tinued to inerease and now comprised approximately 
half the number captured. Apparently mammals 
differ from birds in continuing the reproductive sea- 
son much longer and beginning the period of post- 
breeding wandering later. 

The aestival season in general consists of great 
activity in the forests. The trees are in flower, the 
mosquitoes are abundant, the birds are wandering 
around, and the mammals are still in full reprodue- 
tive activity. 


SEROTINAL SEASON 


This season is one of the longest, perhaps lasting 
about 10 weeks. The weather conditions in the 
months of February and Mareh differ radically from 
those of the preceding months. Although the amount 
of rainfall does not decrease greatly, the tempera- 
tures are high and the convectional nature of the 
rain permits great evaporation during the hours of 
sunshine. The trees in flower during the month of 
February are very similar to those of January but 
in Mareh the number of species in flower is smaller. 
Some species, such as Croton salutaris and Gomidesia 
spectabilis, have their peak of flowering in these 2 
months. The number of species in fruit decrease 
greatly in February and remain small through April. 

The mosquito fauna during the periods of Febru- 
ary and March, 1943, resembled the fauna of the 
preceding January. However, the elements of change 
were evident, and it seems likely that in a more nor- 
mal aestival season the conditions in the serotinal 
season would have been different. Two species 
(Wyeomyia confusa and Aedes serratus) appeared 
in astounding numbers in February but decreased in 
Mareh. The drying up of the ground pools and the 
cooler weather in the latter part of the season fore- 
east the end of the mosquito abundance for the year. 

The birds in February showed the conditions of 
postbreeding wandering of the aestival season, but 
in March a great change occurred. The number of 
species and individuals seen decreased greatly and 
the conditions of serotinal inconspicuousness ap- 
peared. The birds ceased breeding for the most part 
and began to molt. It seems likely that the greater 
part of the postbreeding wandering stopped in 
March, and these conditions continued into the month 
of April. 

The mammals continued the breeding season, the 
number of individuals captured was low, and the 
sex ratio still was in favor of the females. Numbers 
of immature individuals were trapped. 

The serotinal season may be characterized as a 
period of great reduction in. activity, although the 
conditions of the aestival season continue in many 
respects. The mosquitoes are abundant, but the birds 
and mammals are beginning to cease reproduction 
and consequent activity. 
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AUTUMNAL SEASON 


The months of April and May definitely mark the 
end of the seasons of activity in the forest. The 
weather becomes cooler and the rains again become 
cyclonic in type. The number of trees with flowers 
and fruits is small, and the forest lacks the flashes 
of color present in other seasons. 

The mosquito fauna is characterized in these 
months by the disappearance of aedine mosquitoes 
consequent upon the drying up of the ground pools. 
The members of the other species become less com- 
mon also. The birds reach a low point in numbers 
of species and individuals in the month of April be- 
cause the summer residents are moving out and the 
winter residents do not arrive until May. The au- 
tumnal season is one of migration and naturally 
marks the complete cessation of breeding. The mam- 
malian species likewise show the cessation of breed- 
ing. However, the number of individuals captured 
is high and the proportion of immatures is very high. 
Apparently at this time many individuals are moving 
about the forest in search of food and new homes. 
It is worthy of note that the postbreeding season of 
birds oceurs about 2 months before that of mammals. 

The autumnal season, then, is one of reduction of 
activity and numbers, leading to the period of hi- 
bernal stability and inactivity. 


COMPARISON OF THE TWO FORESTS 


The 2 forests investigated in Teresépolis represent 
different communities of plants and animals. The 
flora naturally determines to a large extent the ani- 
mal life, but the flora itself is dependent upon edaphic 
and climatic conditions. In this part of the paper 
the conditions in the 2 forests are compared with 
respect to trees, mosquitoes, birds, and mammals. 

The weather differs greatly in the 2 forests. The 
temperatures are very similar, but the variation is 
less at Fazenda Comari than at Fazenda Boa Fé. 
The humidity is higher at Fazenda Comari and less 
variable (see Table 5). The rainfall at Fazenda 
Comari is nearly three times the amount at Fazenda 
Boa Fé (Table 3). Although because of technical 
difficulties the data for rainfall between periods at 
Fazenda Boa Fé are lacking till January, 1943, in- 
spection of Table 3 reveals the great amount of rain 
at Fazenda Comari. Between June 1, 1942, and 
May 27, 1943, 5,883 mm. fell at Fazenda Comari. 
The rainfall at Fazenda Boa Fé during this period 
was probably very similar to that of Varzea Tere- 
sépolis (1,830 mm.). 


TREES 


The differences in the trees of the 2 forests are 
perhaps the most striking differences to be found. 
The total number of species of trees seen in the re- 
search area at Fazenda Boa Fé is 96, of which 61 
are found there exclusively. At Fazenda Comari 
were listed 94 species, of which 59 oceur only there. 
These enormous differences in species composition 
obviously produce great differences in the character 
of the forest. 


A comparison of Tables 1 and 2 will show which 
species are common to both forests. The forest strip 
at Fazenda Comari has two thirds the area of the 
strip at Fazenda Boa Fé. Some of the outstanding 
differences between the 2 forests may be mentioned. 
The Anonaceae are represented at Fazenda Boa Fé 
by the important Xylopia brasiliensis but at Fazenda 
Comari by several small trees. The Bignoniaceae 
are much better represented at Fazenda Comari than 
at Fazenda Boa Fé. In the Euphorbiaceae, although 
the species composition is the same, the difference in 
number of individuals is very great. The Flacour- 
tiaceae, a family of small trees, are abundant at 
Fazenda Boa Fé but absent from Fazenda Comari. 
The Lauraceae are poorly represented at Fazenda 
Boa Fé but are represented by many species and 
many individuals at Fazenda Comari. The families 
Moraceae, Nyctaginaceae, and Myristacaceae are not 
represented at Fazenda Comari and the Myrtaceae 
are poorly represented. The Rubiaceae, containing 
a large number of species of small trees, replace the 
small trees of these 4 families. The Rutaceae, a 
family which contains the important tree Hortia 
arborea, are absent from Fazenda Comari. The 
Vochysiaceae have 2 species limited to each forest. 

The seasonal changes in the 2 forests are in general 
similar. The peaks in the number of trees in flower 
occur at the same times in both forests. The num- 
ber of trees with fruits reaches a peak in both for- 
ests in August, but the secondary peak which occurs 
at Fazenda Boa Fé in December and January is only 
weakly indicated by a slight increase in December 
at Fazenda Comari. 


MosQuIToEs 


Because of the differences in the flora of the 2 
research areas, the mosquito fauna differs markedly. 
Very few species have the same abundance in the 2 
areas, although nearly all species have been captured 
in both forests. Table 19 lists the species of which 
more than 5 individuals were captured during the 
year and gives by means of crosses a comparison in 
abundance between the 2 forests. The abundance 
of each species is compared in the 2: forests; the 
species are not compared among themselves. For 
example, Anopheles lutzi was captured only a few 
times but about the same number were taken in each 
forest. On the other hand, A. sp. (cruzi? ), although 
very common at Fazenda Boa Fé, was three times as 
common at Fazenda Comari. 

The contrast of the mosquitoes present reflects the 
breeding potentialities of the forests. The forest at 
Fazenda Boa Fé has many culms of bamboo, some 
bromeliads, and numerous holes in trees. The near-by 
valleys contain many ground pools which are suit- 
able for breeding. On the other hand, the forest at 
Fazenda Comari has very few culms of bamboo, many 
bromeliads, and numerous holes in trees. There are 
no ground pools near by. Members of the genus 
Anopheles and of the subgenera Shannoniana and 
Hyloconops of the genus Trichoprosopon were more 
common in the forest at Fazenda Comari because of 
the greater abundance of bromeliads there. However, 
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TABLE 19. Occurrence and comparative abundance of 
mosquitoes in research areas. 





| 
| Fazenda Boa Fé | Fazenda Comarf 





Species 
Anopheles lutzi.. . ; ih x x 
—— |, See is x } XXX 
Trichoprosopon digitatum sists ' Xx x 
= compressum x 
. fluviatilis . . x XX 
7 frontosus.... x XX 
cs humboldti....... x | Xxx 
pallidoventer..... x | XX 
. ee x Xx 
ey EC x XXX 
- theobaldi. . Saeed x x 
Wyeomyia lutzi................ larvae x 
" — bourrouli. . . " : Xx | x 
i: Lee aN x x 
"  confusa.. ; a8 XXXX | x 
en I d.0'e ae oe'nt ; x x 
"  personata x 
Phoniomyia incaudata. . x x 
pallidoventer . . . . x Xx 
“i pilicauda. . x Xx 
ey trinidadensis . . x x 
* tripartita. . . x XX 
Sabethes purpureus.. . x x 
" qurescens . . x x 
" ludzianus...... } x 
melanonymphe x 
Taeniorhynchus chrysonotum. . x 
Psorophora discrucians. x 
a feroz. x | 
varipes . x 
Aedes nubilus... .. x 
”  scapularis....... : én , XXXX x 
” serratus... .. : | XXXXXXXX } x 
OT EE e's inn : a x 
” — leucocelaenus.... . - ner XXX x 
Te i cael Xx x 
Haemagogus sp. (capricornii?) F x x 
Culez.... Xx x 





these species are represented at Fazenda Boa Fé be- 
cause the forest there also has bromeliads. The two 
species of the subgenus Trichoprosopon are more 
common at Fazenda Boa Fé because these species 
breed in the bamboo culms abundant in that forest. 
The members of the genus Wyeomyia are more com- 
mon at Fazenda Boa Fé, thus reflecting their habits 
of breeding in bamboo culms and terrestrial aroids. 
But W. personata, rare at Fazenda Comari, was never 
captured at Fazenda Boa Fé. No larvae of this 
species were collected. Phoniomyia is more common 
at Fazenda Comari owing to its habit of breeding in 
bromeliads high up in the trees. The members of 
the genus Sabethes were more commonly captured 
at Fazenda Boa Fé because of the presence of bam- 
boos. Two species which were rare at Fazenda Boa 
Fé were never captured at Fazenda Comari. 

The tribe Culicini is represented predominately at 
Fazenda Boa Fé. The 1 member of the genus Tae- 
niorhynehus which was caught in numbers (7. chry- 
sonotum) was found only at Fazenda Boa Fé. This 
reflects the presence of a near-by pond with floating 
plants. The genus Psorophora was found exclusively 
at Fazenda Boa Fé, demonstrating the presence of 
stream margins with pools of water. It should be 
noted, however, that not more than 14 kilometer from 
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the location of captures at Fazenda Comari there 
were suitable breeding places which, nevertheless, 
contained few larvae. The members of the genus 
Aedes were many times more common at Fazenda 
Boa Fé, again reflecting the presence of suitable 
ground pools for breeding. It is interesting to note 
that the tree-hole breeders of the subgenus Finlayi 
were more common at Fazenda Boa Fé than at Fa- 
zenda Comari, perhaps indicating the presence of a 
greater number of tree holes. Individuals of Haema- 
gogus sp. (capricornii?), although rare, were cap- 
tured in about equal numbers in both forests. The 
members of the genus Culex were more common at 
Fazenda Boa Fé. If mosquitoes of this genus had 
been identified as to species, it seems likely that ad- 
ditional differences in the oceurrence in the two for- 
ests would appear. 

In addition to a consideration of the mere presence 
or absence of species in the 2 forests, it is desirable 
to contrast the abundance. Fazenda Comari_ pos- 
sesses a large number of species which breed in 
bromeliads and are little affected by the seasons. As 
a result, there is only a small inerease in the num- 
bers of individuals captured in the warm season. In 
fact, on a particularly warm day in August, 1943, 
during some special confirmatory captures, a number 
equal to that of some of the best days of January 
was obtained. The abundance of mosquitoes at 
Fazenda Comari is very constant throughout the 
year; the number of individuals captured on any day 
depends largely upon the weather conditions at the 
time of capture. It should be noted that this rela- 
tive constaney applies to mammals and birds as well. 

In contrast, the species of mosquitoes present at 
Fazenda Boa Fé are primarily breeders in ground 
pools and bamboo culms. The water content of these 
places is subject to great seasonal changes. The 
result is that the abundance of the mosquitoes in- 
creases greatly in the warm wet season and practically 
vanishes in the cold dry season. In fact, even on the 
most suitable days in winter only a dozen mosquitoes 
ean be captured, while on nearly any day in the 
summer a thousand may be collected. The fluctua- 
tion is great, not only from season to season, but 
also from month to month. Slight changes in the 
weather may produce sudden changes in the mosquito 
fauna. Similarly, since the appearance of the rainy 
season may differ from year to year, there may occur 
great differences in the time of appearance or dis- 
appearance of the mosquitoes. In contrast to the 
mosquito fauna at Fazenda Comari, the fauna at 
Fazenda Boa Fé fluctuates greatly from year to year, 
from season to season, and from month to month. 


AVIAN POPULATION 

The contrast between the 2 forest associations can 
be examined by a comparison of the avian species in 
each forest. Several species are absent in one forest 
and present in another, as shown’ by Table 9. Less 
than half of the total number of species is present 
in both forests. Obviously, species seen only once 
are omitted. A comparison of the species in Table 9 
shows the species present in both forests. A few 
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families show preferences for one type of vegetation. 
The trogons are eminently deep-forest species. The 
number of species of the family Furnariidae, which 
prefer the virgin forest at Fazenda Comari, is worth 
noting because throughout South America the family 
is common in savannah vegetation. The Cotingidae 
definitely prefer the virgin forest and, to some ex- 
tent, may ecologically replace the Tyrannidae, which 
prefer the second-growth forest at Fazenda Boa Fé. 
The Fringillidae are partial to the second-growth 
forest, apparently because of the greater abundance 
of seeds there. 

The numerical comparison of the species compo- 
sition is noteworthy. The total number of species 
recorded in the research areas is 126; of these, 52 
were seen in both research areas. At Fazenda Boa 
Fé, 89 species were seen, and of these 36 were species 
seen only at Fazenda Boa Fé. Two species were 
recorded only onee. At Fazenda Comari, 87 species 
were seen, and of these 30 were species seen only at 
Fazenda Comari. Six species were recorded only 
once. It is interesting to note that the total number 
of species seen in each forest is almost equal, and 
that only about half of the species found in one 
vegetation type is also found in the other. 

Some species, although recorded from both forests, 
present striking differences in abundance (see Table 
9). The hummingbird Clytolaema rubricauda was 
recorded only once from Fazenda Boa Fé but is com- 
mon at Fazenda Comari. The hummingbird Melano- 
trochilus fuscus, which apparently is migratory, was 
seen only once at Fazenda Boa Fé, presumably as a 
result of postbreeding wandering. The woodhewer 
Campylorhamphus trochilirostris is definitely a sec- 
ond-growth species and was seen only at Fazenda 
Comari on the edge of the forest at the time of post- 
breeding wandering. The ovenbird Anabazenops 
fuscus was seen only onee, also in the period of post- 
breeding wandering, in the virgin forest at Fazenda 
Comari. It was in the midst of the forest, traveling 
with a band of typical virgin-forest species. One 
species of ant-thrush, Drymophila ochropyga, is emi- 
nently a second-growth species like the rest of its 
congeners. The 1 individual seen at Fazenda Comari 
was in a small patch of bamboos in a clearing re- 
sulting from a windfall. The cotingid Pachyramphus 
castaneus was recorded only twice from Fazenda 
Comari but is common at Fazenda Boa Fé. Simi- 
larly, the manakin Jlicura militaris is much more 
common at Fazenda Boa Fé. The flycatcher Empi- 
donax euleri was recorded from Fazenda Comari 
only at the time of the spring migration. The fly- 
catcher Pipromorpha rufiventris was seen at Fazenda 
Comari once during the spring migration and twice 
during the fall migration. The finch Saltator similis 
appeared at Fazenda Comari only during the period 
of postbreeding wandering. 

Another manner of showing the contrast between 
the 2 forests is in the total number of individuals 
present. Table 10 and Figure 21 present the data. 
It will be noted that the number of individuals seen 
at Fazenda Boa Fé was usually greater, sometimes 
much greater, than the number at Fazenda Comari. 


Only in the periods of April were less birds seen at 
Fazenda Boa Fé than at Fazenda Comari. In every 
month the number of individuals per species was 
greater at Fazenda Boa Fé than at Fazenda Comari. 
A difference between the 2 forests clearly lies in the 
greater number of individuals representing each spe- 
cies at Fazenda Boa Fé. 

The number of migratory and nomadic species dif- 
fers in the 2 forests. For the present comparison 
(Table 11) only the species which are definitely mi- 
gratory and which inhabit the forest type are con- 
sidered. Sixteen species were recorded from Fazenda 
Boa Fé and only 10 from Fazenda Comari. The 
greater number of migrants probably accounts in part 
for the greater variability of the numbers of birds 
at Fazenda Boa Fé and may also account for the 
great decrease in April, a month when the summer 
residents have moved out and the winter residents 
have not yet arrived. 


MAMMALIAN POPULATION 


The contrast between the two forests is further 
demonstrated by the mammalian fauna. The species 
composition as shown in Table 20 is notably different. 
The arboreal woolly opossum, Caluromys philander, 
is absent from Fazenda Boa Fé. Among the rodents, 
the genera Proechimys and Thomasonys, each with 
a species limited to one research area, are 2 excellent 
examples of ecological equivalents. The partly ar- 
boreal rat Rhipidomys mastacalis has been trapped 
only at Fazenda Comari. There is no evidence of 
the presence of armadillos or sloths at Fazenda 
Comari. Also, more large mammals occur in the 
essentially virgin forests at Fazenda Comari. The 
tracks of the racoon (Procyon cancrivorus), fox 
(Cerdocyon thous), and white-lipped peceary (Tay- 
asst tayacu) were found. 

Also striking is the contrast in the abundance of 
the various species. The total numbers of individuals 
caught in the research areas during the periods from 
September to May, inclusive, show great differences 
in the abundance (Table 20). These totals may be 
contrasted because the number of trap-nights was 
equal at both forests. The 4-eyed opossum Philander 
opossum is more common at Fazenda Comari because 
of the moist habitat. On the other hand, the mice of 
the genus Akodon are much more abundant at Fa- 
zenda Boa Fé. 

To summarize the contrast between the 2 types of 
forest, it may be stated that the virgin forest at 
Fazenda Comari is more stable, while the second- 
growth forest at Fazenda Boa Fé is more variable. 
The second-growth forest produces greater seasonal 
changes in the abundance of mosquitoes, birds, and 
mammals and also produces greater movements of 
individuals in the forest. 


DISCUSSION OF DATA ON PLANTS, 
MOSQUITOES, BIRDS, AND 
MAMMALS 


The investigations at Teresépolis have amassed a 
large number of factual observations concerning 
plants, mosquitoes, birds, and mammals. These facts 
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TABLE 20. Occurrence and comparative abundance of 
mammals. Individuals captured or observed in research 


areas September, 1942 to May, 1943. 

















Species Fazenda Boa Fé | Fazenda Comarf 
Dipe.rapar (Opossums) 
Didelphis marsupialis................. 9 5 
Philander opossum.................- + 7 
Caluromys philander.................. s 
ee | ee 4 
EP Tarr 3 2 
Monodelphis americana............ ; 1 1 
Cantpak (Foxes) 
Cerdocyon thous..... bey aah eh a Oe present 
ProcyontpaE (Raccoons) 
Procyon cancrivorus................ E seen 
oe tc csacwdesenednees seen 
Ecuimyipae (Spiny rats) 
Echimys medius.............0..005 p 4 
Proechimys theringi................005 1 
Proechimys dimidiatus................ 10 
Kanrebat BO, csccsceces ae present 
Cunicuipar (Pacas) 
Se ere B seen 
EReTHIZONTIDAE (Porcupines) 
Coendou paraguayensis................ seen 
Scruripas (Squirrels) 
Guerlinguetus ingrami................. abundant rare 
Muripak (Mice and rats) 
Oryzomys uliarilensis...............-. 1 
Oryzomys intermedius...............-. 3 
PIII. goo cece cevesenss 1 1 
Rhipidomys mastacalis................ 10 
Thomazomys sublineatus............... 33 
Thcemasomys collinus.................. 19 
Akodon arviculoides.................-. 71 11 
ok vray oes Goes se08 81 12 
Biarinomys breviceps................. 1 
DasypopipaE (Armadillos) 
Dasypus novemceinetus ................ 3 
Brapypop1pas (S!oths) 
pO eee er 3 
Tayassu1pak (Peccaries) 
Tayassu tayacu............. ; present 
IIS (0 Sacsnccwesesies 16 20 








have purposely been described in detail because of 
the dearth of such studies in the tropies and in order 
to permit other investigators to make comparisons 
with special studies. It is not considered propitious 
at this time to attempt a comparison with the few 
ecological investigations already made in the tropical 
regions of the world. Not until there exists a great 
body of factual information concerning the tropical 
forest will it be possible to make fruitful compari- 
suns. Nevertheless some general observations may be 
mentioned which may suggest comparisons with other 
investigations. In this discussion therefore some 
generalizations will be presented in outline form. 


TREES 


The large number of arborescent species in each 
area is at once striking. At Fazenda Boa Fé there 
were 96 species in the sample strip and at Fazenda 
Comari there were 94. Few of these species were 
represented by more than 15 individuals. The im- 
mense number of species makes possible numerous 
interactions with other inhabitants of the forest. 

The observations in the auxiliary areas near the 
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research area at Fazenda Boa Fé made possible a 
tentative outline of the succession which lead up to 
the forest. It seems certain that the principle of 
succession applies in these tropical regions, as well 
as in the temperate regions, although the large num- 
ber of species present may make the description diffi- 
cult at times. 

The maximum number of trees are in fruit in the 
month of August; this is actually very early spring 
and is about 6 months after the period of maximum 
number of trees in flower. A secondary maximum 
of fruit occurs in the months of January and Feb- 
ruary. This seasonal distribution of fruit must have 
great influence upon the inhabitants of the forest. 


MOSQUITOES 


The changes in abundance of mosquitoes are closely 
related to the type of breeding place. These species 
which breed in bamboos and bromeliads show only 
slight seasonal variations, but those which breed in 
the ground pools vary spectacularly in abundance. 
However, each species is a law unto itself and even 
closely related species may show striking differences 
in the eyeles of abundance. 


Birps 


There is a definite and obvious migration of birds 
in the Teresépolis region. During the months of 
August, September, and October and again in April, 
May, and June several species come into or go out 
of the area. However, the number of migratory 
species is small in comparison with the number of 
permanent residents. In addition, there are several 
nomadic species which apparently follow the matur- 
ing of certain fruits. 

The breeding season is clearly marked and con- 
spicuous because the behavior or abundance of most 
species changes radically at this season. To the ob- 
server in the forest the changes are at once apparent; 
there is no doubt about the presence of a true breed- 
ing season. 


MAMMALS 


As in the ease of birds, mammals have a definite 
breeding season, which, however, begins slightly 
earlier in the seasonal eyele. Coincident with the 
breeding season, the number of mammals trapped 
decreased and the sex ratio changed in favor of the 
females. 

In respect to home range the mammals investigated 
resemble mammals in other regions. The individuals 
remain in a restricted area for long periods of time. 
The greatest changes in the boundaries apparently 
oceur just before the breeding season and later when 
the immatures are moving about in search of homes. 


SEASONS 


The division of the year into 6 seasons is note- 
worthy. The consideration of different groups of 
organisms might suggest somewhat different limits 
to the seasons, but the data indicate that the year is 
divided into markedly different periods. 
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CoMPARISON OF Two Forests 


The contrasts between the 2 forests indicate that 
the virgin forest has more species and fewer indi- 
viduals of each than has the second-growth forest. 
This principle is exemplified especially well by the 
trees and mammals. The birds and mosquitoes were 
represented by many fewer individuals per species 
in the virgin forest than in the second-growth forest. 


SUMMARY 


The investigations described herein comprise part 
of a program carried out for the purpose of learning 
more about the lives of the forest animals in order 
to find out what species may fit the role of hosts and 
vectors of the virus of jungle yellow fever. The un- 
solved problems are that the virus travels long dis- 
tances and persists over the winter season of about 
6 months. In southeastern Brazil between 1934 and 
1940 the disease spread in a remarkable progression, 
seldom appearing in the same county during more 
than 1 season, and never appearing during the cold 
dry months. Those who studied the epidemics be- 
came convinced that some animal other than man was 
involved in the spread of the virus and that the 
“mosquito-monkey-mosquito” series was not a suffi- 
cient explanation (Soper 1938). The changes in 
abundance and the movements of the animals in the 
forest may provide a clue to the appearance and 
disappearance of the disease in humans. Therefore, 
an ecological study of the mosquitoes, birds, and mam- 
mals of typical forests was undertaken; the plants 
were studied in order to define the plant associations. 


The forests studied are in the county of Tere- 
sépolis, about 100 kilometers north of the city of 
Rio de Janeiro. Three deaths from typical jungle 
yellow fever occurred in the county in 1938, but 
there is no evidence of the presence of the virus 
since that time. The county is situated on top of 
the coastal range at an altitude of about 800 meters. 
The topography is mountainous and the valleys are 
intensively cultivated. The hills are covered with 
second growth, but there is virgin forest along the 
steep slopes of the coastal range. The mean annual 
temperature is 18.25° C. and the rainfall is 1649 mm. 
The months of June, July, and August are cool and 
dry; the months from September to December are 
warmer and rainy; those from January to March 
are warm and drier; April and May are cooler and 
drier. The difference between the mean tempera- 
tures for the warmest month (February) and the 
coldest month (July) is only 7.5° C. 

The ecological observations were carried out on 
two estates. One of these, Fazenda Boa Fé, contains 
much second-growth forest and is identical with a 
forest about 1 kilometer away in which the virus of 
yellow fever was probably present in 1938. The 
other estate, Fazenda Comari, contains extensive vir- 
gin forest on the edge of the coastal range. 

Identical methods were used in the two forests. 
A research area, which was typical of the plant as- 
sociation, was set aside for observations of live ani- 


mals. Auxiliary areas were used to supplement these 
observations. Periods of at least 7 days were spent 
in each estate each month. The trees were identified 
and measured along a trail in the forest in order to 
define the plant associations. Mosquitoes were cap- 
tured with human bait on the ground, and in traps 
baited with birds and placed at 3 levels in the forest 
vegetation, i.e., on the ground, on a tree branch at a 
height of 10.0 meters, and in a fork of a tree at a 
height of 15.1 meters. Larvae of mosquitoes were 
routinely collected. The primary observation of birds 
was a relative abundance count made along the same 
trail for 7 days during each period. In addition, 
specimens were collected in auxiliary areas for iden- 
tification and determination of the breeding seasons. 
The primary method of observation of mammals was 
by releasing and retrapping of individuals. Also, 
specimens were collected in auxiliary areas. 

The description of a plant association is hindered 
by the state of taxonomy in Brazil. At the present 
tu..e only the trees can be identified. The research 
area at Fazenda Boa Fé is second growth, probably 
about 70 years old. Since the original forest is now 
completely destroyed, it is impossible to know what 
the composition was; and, furthermore, interpreta- 
tion of the present plant association must take into 
consideration the cutting of firewood and building 
material. The forest itself is about 25 meters high 
and presents a uniform green appearance. The 
plants may be divided into 3 distinet vegetational 
layers: mature trees about 25 meters in _ height, 
younger trees about 20 meters high, and a layer of 
shrubs near the ground. There are many epiphytes 
and lianas. An examination of the size and abun- 
dance of the various species showed that 2 large 
trees, Hortia arborea and Virola bicuyba, and 1 small 
tree, Croton salutaris, are abundant and characteris- 
tie of this plant association. A preliminary survey 
of the near-by forest permitted the tentative outline 
of the succession which preceded this association. 

The forest at Fazenda Comari is about 30 meters 
high, has a definite middle layer of vegetation, and 
lacks undergrowth. Bamboos are rare, but lianas and 
epiphytes are common. Two species of trees, Cal- 
lichlamys latifolia and Vochysia laurifolia, are char- 
acteristic of the forest and are present at all ages. 
The family Lauraceae is represented by numerous 
species of large-sized trees, and the Rubiaceae by 
many small-sized trees. 

The annual cycle of changes in the plants, mosqui- 
toes, birds, and mammals is a dynamic series related 
to the weather. During the year of intensive obser- 
vations (May, 1942 to May, 1943) the weather was 
cooler and rainier than average. i 

The annual eyele in plants is characterized by the 
appearance of two peaks of flowering: in the months 
from December to March and in August. The pres- 
ence of fruits also has 2 peaks, roughly 6 months 
after the flowering. Another aspect of the eyele is 
the loss of leaves by a few species of trees during 
the months of July and August. 
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The annual cycle of mosquitoes shows great changes 
of abundance in some species and little change in 
others. The captures were designed to determine the 
relative numbers of mosquitoes in such a manner that 
the changes in abundance could be compared from 
period to period. The number of individuals cap- 
tured in any given time was interpreted in terms of 
extensive measurements of temperature, relative hu- 
midity, rainfall, wind, and illumination (hour of the 
day and cloudiness). Although each species showed 
individual characteristies in the changes in abundance, 
some groups presented similar variations. The only 
common anopheline species, Anopheles sp. (cruzi? ), 
was present throughout the year but most in evidence 
at times of high temperature and high humidity. The 
large sabethine genus Trichoprosopon was _ repre- 
sented by many species. The actual number of indi- 
viduals appears to change only slightly throughout 
the year although some species, because of greatly 
different activities in respect to environmental condi- 
tions, present differences in relative abundance. The 
sabethine genus Wyeomyia contains many species 
which seldom attack birds or mammals and are repre- 
sented in the collections by few individuals. Other 
species increased in abundance during the warmer 
and wetter months. The 1 common species of the 
genus Phoniomyia increased in numbers only slightly 
during the warm season. Several members of the 
sabethine genus Sabethes and of the genera Ortho- 
podomyia and Megarhinus are present. The culicine 
tribe contains many species which breed in standing 
water pools and change radically in numbers. The 
species Psorophora discrucians, P. ferox, Aedes ser- 
ratus, and A. scapularis, which were practically ab- 
sent in the cold dry months, were extremely abundant 
in the warm rainy months. Other less common mem- 
bers of the tribe presented the same type of change. 
The large genus Culex, because of taxonomie diffi- 
culties, was not studied in detail. 

Of the two known vectors of jungle yellow fever, 
Aedes and Haemagogus (capri- 
cornii?), the former was more common in the second 
growth forest and was more frequently captured on 
the ground than in the trees, while Haemagogus sp. 
(capricornii?) was equally common in the two types 
of forest and definitely more common in the higher 
levels of vegetation. 


leucocelaenus sp. 


The annual eyele of birds is governed by the breed- 
ing season, which, by examination of sections of the 
gonads, was determined for most species to begin in 
September and end in February. The abundance of 
the various species is dependent upon the number of 
young produced and the degree of movement into 
or out of the region. Many resident species, because 
of changes in conspicuousness or low breeding poten- 
tial, show little change in numbers throughout the 
year. Other resident species increase noticeably in 
abundance: during the breeding season. The total 
number of individuals present inereased greatly in 
January and decreased in April at Fazenda Boa Fé. 
At the other estate, Fazenda Comari, the number was 
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relatively constant throughout the year. Changes in 
abundance indicate the movements of individuals, 
Many species are resident but others are migratory 
or nomadic. The migratory species are divisible into 
2 groups: the summer residents and the winter resi- 
dents. The numerous nomadie species invade the 
region principally in the course of postbreeding wan- 
dering in the months of January and February. 

No species of birds has yet been found to be sus- 
ceptible to yellow fever virus. But no member of 
the families (Tyrannidae and Cotingidae) which eon- 
tain the migratory birds and no member of the forest- 
inhabiting families (Dendrocolaptidae, Formicariidae, 
ete.) has been investigated, because of the extraor- 
dinary difficulty of keeping these birds in the labo- 
ratory. 

The marsupials and rodents are the most eommon 
mammals in the forests. The annual cycle in mam- 
mals is closely correlated with the reproductive se- 
quence. Most marsupials have 1 litter in August, 
and the opossums have another in October. Most 
species of rodents begin breeding in July, reach full 
reproductive activity in October, and cease breeding 
in May. The number of small mammals captured 
decreased greatly in November and did not increase 
until April. Whether this decrease is a true decline 
in numbers or merely a failure of the trapping is not 
known. Coincident with this decrease there was a 
change in the sex ratio. From August to November 
and again from April to June more males were ecap- 
tured; but from December to March more females 
were captured. The movements of mammals were 
determined by retrapping marked individuals. Two 
species of marsupials and 4 species of rodents were 
captured a sufficient number of times to show that 
each individual remained in a restricted area for 
periods of several months to a year. However, for 
some species there appeared to be more movement 
in the month of October, and again in the months 
from March to June. Captures of several species 
of bats indicate that the individuals move about con- 
siderably. 

The annual eyele may be divided into 6 seasons 
although there is some lack of coincidence between 
trees, mosquitoes, birds, and mammals. The hibernal 
season, from June to the middle of August, is char- 
acterized by stability and inactivity: a few trees are 
in flower and many are in fruit; few mosquitoes are 
present; the birds and mammals are inactive. The 
short prevernal season (August and September) is 
one of great change: deciduous trees develop leaves; 
some trees come into flower; many trees are in fruit; 
the mosquitoes show some inerease in number; many 
birds migrate and others begin breeding, with eonse- 
quent shifting of populations; the mammals begin 
reproductive activity and move about. The vernal 
season may be considered as the months of October 
and November. Then few trees are in flower but many 
continue in fruit; the mosquitoes which breed in 
ground pools increase dramatically in numbers; the 
birds are in full reproductive activity; the mammals 
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present an apparent decrease in number and a change 
in sex ratio in favor of the females. The aestival 
season marks the height of the rains in December 
and January: many species of trees are in flower 
and many have fruit; the mosquitoes attain their 
maximum abundance; the birds commence the post- 
breeding wandering and many immature individuals 
appear; the mammals continue full breeding activity 
and many young individuals are seen. The serotinal 
season is long, lasting from February to the middle 
of April: the number of trees in flower decreases 
and the number in fruit reaches a minimum; the 
abundance of mosquitoes declines during the period; 
the birds cease breeding but continue the posthbreed- 
ing wandering; the mammals begin to decline in re- 
productive activity and the number of immature 
individuals inereases greatly. The autumnal season 
of April and May marks the end of activity in the 
forest: there are only a few trees in flower or fruit; 
mosquitoes have declined greatly in numbers; birds 
reach a low point in abundance, but there is con- 
siderable movement of migratory species; mammals 
end the breeding season but move about the forest. 

The annual eyele of seasons shows a change from 
the inactivity of the hibernal season to the intense 
activity of prevernal and vernal seasons and then a 
return to the inactivity of the hibernal season. The 
eyele of seasons also shows a change from the sta- 
bility of the hibernal season to the instability of the 
prevernal season. A return to stability in the vernal 
and aestival seasons is followed by instability in the 
serotinal and autumnal seasons. 

A comparison of the plants, mosquitoes, birds, and 
mammals in the two forest associations emphasizes 
great differences. The species of trees differ mark- 
edly, only about 20% being common to the two for- 
ests. The species of mosquitoes present reflect the 
breeding potentialities of the forest. At Fazenda 
Boa Fé the sabethine mosquitoes are limited in num- 
bers, but the eulicines are very abundant in the sum- 


mer. At Fazenda Comari the sabethines are present 
at all times but the culicines are practically absent. 
Furthermore, the changes in numbers are great at 
Fazenda Boa Fé but slight at Fazenda Comari. The 
avian population of Fazenda Boa Fé and Fazenda 
Comari differ in species composition and in number 
of individuals. About two thirds of the species are 
common to both forests. At Fazenda Boa Fé the 
increases and decreases in abundance are much 
greater than at Fazenda Comari, and there are more 
migratory and nomadic species. The mammalian 
population presents great differences between the 
two forests. The species composition is different, 
and many more individuals are present at Fazenda 
Boa Fé than at Fazenda Comari. 
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A SEVEN-YEAR QUANTITATIVE STUDY OF SUCCESSION IN GRASSLAND 


INTRODUCTION 


The study of plant succession has contributed more 
than any other single line of investigation to a deeper 
insight into the nature of vegetation. Earlier studies 
of succession, especially in grassland, were largely 
those of the primary sere. But with the utilization 
of the prairies for grazing, and the abandonment of 
submarginal land after a short period of cropping, 
numerous investigations of secondary successions were 
made. The earlier studies have been discussed by 
Clements (1916) in “Plant Succession.” Sampson’s 
plant succession in relation to range management 
appeared in 1919. Many of the more recent investi- 
gations of subseres in grassland and on abandoned 
lands have been reviewed by Drew (1942). Costello 
(1944) has studied the grassland subsere in uorth- 
eastern Colorado. Weaver and Albertson (1944) 
have traced the subsere following the recent great 
drought over a vast central area of both true and 
mixed prairie. Information on the rate and nature 
of natural revegetation of depleted ranges and aban- 
doned cultivated land is of basic importance to many 
problems of soil conservation and land use. 

The present study was begun in 1937 to determine 
the course of succession in an old native pasture 
under complete’ protection from grazing. The nature 
and rate of regeneration of the vegetation in its re- 
turn toward the grassland climax have been ascer- 
tained and changes in the plant population fully 
recorded. 


LOCATION OF AREA AND DESCRIPTION 
OF VEGETATION 


The area selected lies 3 miles north and 1 mile west 
of the University of Nebraska in Lincoln. It con- 
sists of a large tract of unbroken native prairie, a 
considerable portion of which was fenced and grazed 
continuously for 23 years. The prairie and pasture 
cover gently rolling to moderately hilly land. They 
are about one half mile long, from north to south, 
and about one quarter mile wide. The soil is Car- 
rington clay loam, a type common and extensive in 
eastern Nebraska, as is also this type of topography. 

The prairie vegetation from which the pasture 
originated is of the upland mid-grass type. The 
chief dominant is little bluestem (Andropogon sco- 
parius),2 which alone constitutes about 60 percent 
of the cover. Needle grass (Stipa spartea), prairie 
dropseed (Sporobolus heterolepis), June grass (Koe- 
leria cristata), and side-oats grama (Bouteloua curti- 
pendula) are all important species. The sod-forming 
big bluestem (Andropogon furcatus), with a very 
little Indian grass (Sorghastrum nutans ), is dominant 
in the ravines, but has also spread throughout much 
of the upland where, like Kentucky bluegrass (Poa 
pratensis), it forms a 3 to 10 percent mixture almost 


?The nomenclature of grasses follows Hitchcock’s Manual of 
the Grasses of the United States; that of other plants Britton 
and Brown’s Illustrated Flora. 


throughout. Scribner’s panie grass (Panicum scrib- 
nerianum ) and Wilcox’s panic grass (P. wilcoxianum ) 
are low-growing, interstitial species of very common 
occurrence. Carex pennsylvanica is the chief sedge. 
In addition to the grasses and sedges there are nu- 
merous composites, legumes, and other forbs. 

The grasses normally reach a general level of 12 
to 18 inches in July when vegetative growth is nearly 
complete. The basal cover is about 13 percent and 
the foliage cover varies between 75 and 100 percent 
during a season of approximately normal precipita- 
tion. The soil is almost entirely concealed by debris, 
usually only a few millimeters thick. This prairie 
had not been grazed for at least 40 years, and prob- 
ably only moderately since the disappearance of the 
bison. It is used for the production of hay and is 
mowed annually in late summer or fall, except in 
years of extreme drought. But the great drought of 
1934-36 had a very destructive effect on grassland. 
In the prairie this resulted in marked changes in the 
normal composition of the vegetation (Weaver and 
Albertson, 1936). Chief among these was the high 
mortality of little bluestem, many bunches being en- 
tirely killed and others represented by a mere fringe 
of dwarfed stems. June grass, needle grass, and 
bluegrass also suffered greatly. Losses were severe 
among grasses of the understory, notably Panicum 
scribnerianum and P. wilcoxianum, as they were also 
among forbs (such as Antennaria campestris and 
Viola pedatifida) of similar dependence upon the mid 
grasses for protection from too great insolation and 
too low humidity. Big bluestem and deeply rooted 
forbs were not greatly affected. 

The excellent conditions for growth in spring and 
early summer following the drought of 1934 resulted 
in vigorous development of the survivors, rapid re- 
seeding, and invasion of the bared areas by rhizomes. 
Hence much of the area formerly occupied by little 
bluestem was taken over by June grass and needle 
grass. Prairie dropseed became much more abundant, 
as did also side-oats grama. Even bluegrass spread 
rapidly from the scattered, well shaded areas where 
it had not sueeumbed to drought. 


EXPERIMENTAL PASTURE 


The experimental pasture adjoining the prairie 
had apparently never been greatly overgrazed. In 
1932-33 it was studied and described as belonging. to 
the No. 3 type, which is characterized by about half 
dominance of bluestems and other prairie grasses and 
half of bluegrass (Weaver and Hansen, 1941). The 
cover was practically intact, annual weedy species 
were few, and only a modicum of the usual perennial 
pasture weeds occurred. Two pasture areas adjoin- 
ing the prairie were exclosed to stock, a smaller one 
of 24 square rods on a west hillside near the south 
end of the pasture and a larger one, 4.5 rods wide 
and 31 rods long, extending from the top of a low 
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hill northward to and ineluding its level base. The 
slope in the main area varied from 1 to 5 percent 
(Fig. 1). The south exclosure was typical of the 
more hilly portion of the pasture. It included a 
west-facing, gentle slope and also a portion of a 
northeast These were separated by a small 
yavine. 


one. 





Fig. 1. 
1938, after one year of succession. 
robolus cryptandrus) gives tone to the landscape. Climax 
prairie occurs to the right (east) of the black line. 


A part of the experimental pasture in March, 
Sand dropseed (Spo- 


The chief changes in pasture resulting from the 
drought were the almost complete disappearance of 
bluegrass and great injury to little bluestem. Sand 
dropseed (Sporobolus cryptandrus) increased greatly 
(Weaver and Hansen, 1939). There was a great in- 
erease in side-oats grama, and an inerease in annual 
weeds. 

The chief characteristic of the vegetation in the 
south exelosure in the spring of 1937 was the searcity 
of nearly all prairie grasses; they were found only 
upon close observation. The bluestems, for example, 
sometimes occurred at the rate of only 1 to 4 stems 
or small tufts per square meter; often there were 
none. There were, as in the prairie, many areas of 
a few square inches to several square feet almost 
completely unoccupied by vegetation. Dense patches 
of the annual peppergrass (Lepidium densiflorum) 
oceurred throughout much of the pasture. Spikes of 
Pursh’s plantain (Plantago purshii) were so numer- 
ous locally as to give a distinetly gray eolor. An 
abundance of the bright green-colored horseweed 
(Leptilon canadense) was confined to the ravine or to 
nearly bare ground. No other weeds were of unusual 
importance. A two thirds stand of bluegrass inter- 
mixed with seattered stalks of thrifty big bluestem 
grew in a narrow strip in and bordering the ravine. 
Seattered bunches of June grass and a few relict 
prairie forbs were found. In bare or half-bare soil, 
plants of sand dropseed grew sparingly. 

The southern or upland half of the large north 
exclosure was characterized by the almost complete 
disappearance of all the prairie grasses except thinly 
seattered bunches of June grass and side-oats grama. 


J. E. WEAVER AND W. E. BRUNER 








Ecological Monographs 
Vol. 15, No. 3 
An exception was the occurrence of about a dozen 
small patehes of blue grama (Bouteloua gracilis) 
which were well defined but in general depleted to 
only one third or less of the normal basal area. Blue- 
grass occurred in patches ranging from a few square 
inches to a square yard in area. There was much 
nearly unoccupied ground in which sand dropseed 
was the only grass. Large patches of smooth golden- 
rod (Solidago glaberrima), smaller but more frequent 
ones of many-flowered aster (Aster multiflorus), and 
seattered plants or aggregations of Pursh’s plantain 
were the chief weeds. Yarrow (Achillea occidentalis) 
and horseweed were scattered throughout, and in the 
lower part an infestation of peppergrass occurred. 
The outstanding feature of the northern (lower) 
half of the exclosure was the almost continuous stand 
of peppergrass, the crowns overlapping almost every- 
where. Before the drought this area was clothed with 
a nearly continuous sod of bluegrass, of which only 
a few seattered patches remained (Fig. 2). Other 
prairie grasses were rarely found, and peppergrass 
thrived. Sand dropseed usually oecurred under this 
weed, though some bared areas produced only weeds. 
In the thinner stands, sand dropseed numbered only 
three or four plants per square meter, but in the 
thickest ones it covered one fourth to one third of 
the soil. Yarrow was common in small patches, and 
the annual horseweed was seattered thickly. 


= 


Fig. 2. (Upper) Relict bunches and patches (dark) 
of Kentucky bluegrass (Poa pratensis) on the lower 
ground in the north pasture in early spring of 1936. 
Further losses were sustained during the dry summer. 
(Lower) Dense stand of peppergrass (Lepidiwm denst- 
florum), a weed which was extremely abundant following 
the early years of drought. Average height is 14 inches. 
June 7, 1937. 
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THE SOIL 

The soil has a mature profile. The A horizon is 
dark in color, fairly rich in humus, and extends to 
a depth of 18 inches. Mechanical analysis showed 
that it contained about 25 percent very fine sand, 
38 percent silt,-and 26 percent clay,? the remainder 
consisting of larger sand particles. At 12 inches 
depth the soil becomes lighter in color, and the clay 
loam of the surface foot grades into clay. The B 
horizon extends about 18 inches deeper. It con- 
sists of a yellowish clay which is plastic when wet 
but very hard when dry. The prismatic structure is 
well developed and during drought a great shrinkage 
occurs among the vertical prisms. The C horizon 
begins at about 32 to 36 inches depth, depending 
upon slope. While there is an entire absence of 
coarse sand to this depth, the sand component con- 
sisting almost wholly of very fine sand, in the C hori- 
zon the clay gradually becomes intermixed with an 
increasing proportion of coarser sand. There is no 
lime layer at any depth; water percolates freely 
through the massive layer of parent material. Hy- 
groscopie coefficients and pH values are given in 
Table 1. 

TABLE 1. Hygroscopie coefficients of soil and subsoil 


and pH values to a depth of 6 feet in prairie and pas- 
ture. 











HYGROSCOPIC 

CoEFFICIENTS 
Depth | pH pH 

feet | Prairie Pasture Prairie Pasture 
Se eee 

0.0-0.5 | 8.9 9.4 6.0 6.1 
a 8.4 10.1 6.0 6.1 
. Se ae 11.3 6.2 6.2 
_. Sa | -38.2 11.5 6.9 7.0 
| Sa 9.7 11.4 7.8 7.9 
_ aw 10.8 10.5 7.8 7.8 
ee t +g 10.7 7.0 y 














METHODS OF STUDYING VEGETATION AND 
ENVIRONMENT 


Permanent meter quadrats were established in the 
exclosures early in 1937 for the purpose of deter- 
mining quantitatively the increase or decrease of 
various species during a period of 7 years. Because 
of the variety and nature of the vegetation, the list 
or census method was employed. Ten permanent 
quadrats were marked out at random in widely dis- 
tributed areas where sand dropseed dominated. An- 
other lot of 10 was located at random in local areas 
revealing remnants of the bluestems, since over many 
square meters none were found. Ten other quadrats 
were located on the lower ground where small relict 
patches of bluegrass persisted. Ten quadrats, each 
of which included patches of blue grama, were also 
established. Some of these patches were old stands; 
others had been formed from seedlings after the 
drought began. Three quadrats were selected as rep- 
resentative of bared areas occupied by peppergrass. 
Stem counts of all plants oceurring in these 43 quad- 
rats were made annually in June and July. An ex- 

* Clay includes all particles with diameters less than 0.005 mm. 


ception was the dense patches of blue grama where 
the percentage of basal area, an inch from the soil 
surface, was ascertained. 

In addition to detailed examination of the vegeta- 
tion each month during the growing season, quadrats 
were used in ascertaining the density of the foliage 
cover, basal area, and percentage composition. Clip 
quadrats were extensively employed near the end of 
the dry cycle in 1940, and after two years of good 
precipitation (1943) to ascertain the amount and 
composition of the vegetation produced after different 
numbers of years of succession. Subseres of shorter 
duration resulted from exclosing to cattle new por- 
tions of the original pasture in 1939 and 1940 with 
those exclosed in 1937. These were of great value 
in comparing earlier stages of the succession with 
later ones. Data obtained during the earlier years 
(1937-40) have also been used in a study of regen- 
eration of native midwestern pastures (Weaver and 
Hansen 1941a). 

Since precipitation and water content of soil are 
the principal factors controlling the development of 
vegetation in this central prairie area, chief attention 
was centered on the water relations. Data on tem- 
perature, humidity, and evaporation were obtained, 
but they are not presented. Precipitation during the 
early years of the study was measured by means of 
a standard rain gauge placed in the area, but data 
from the Weather Bureau station at Lincoln were 
used thereafter. Samples of soil for water content 
determinations were usually taken weekly to 4 feet 
and on alternate weeks to 6 feet in depth. Briggs’ 
geotomes were employed. Samples were obtained in 
foot sections, except that the first and second 6-inch 
soil cores were taken separately. The hygroscopic 
coefficient of the soil at each depth was subtracted 
from the total water content, thus giving the approx- 
imate amount of water available for plant growth. 


PRECIPITATION AND WATER CONTENT 
OF SOIL 


The year 1937 was one of deficient precipitation, 
low humidity, and abnormally high temperatures. So 
severe had been the preceding drought that late in 
April only the surface two feet of soil had a good 
water content. Rainfall in April (1.2 in.) and May 
(1.9) was 1.3 and 2.2 inches, respectively, below nor- 
mal. Rainfall in June (3.8 in.), July (3.1), August 
(1.7), and September (1.1), was in order, 0.5, 0.8, 
1.9, and 1.9 inehes below normal. Examination of 
Figure 3 shows that water for growth was not avail- 
able to the vegetation except at irregular intervals 
in the surface foot of soil, and that after June less 
that 2 percent was available in the second foot. 

The year 1938 was much more favorable to plant 
development. Rainfall in April was more than an 
inch above normal, and that of May 1.6 inches in 
excess of normal precipitation. The very favorable 
water relations of the soil in spring and early sum- 
mer are shown in Figure 3. Vegetation flourished, 
but growth was later retarded by a deficiency of soil 
moisture. Rainfall in both June and July was about 
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Fig. 3. Available soil moisture to a depth of 6 feet 
at Lincoln, Nebr., during 1937 (upper) and 1938 (lower). 
Mean annual precipitation is 27.9 inches. Numbers at 
the top of the columns indicate the first, second, ete., 
week of sampling; those at the base are total current 
monthly rainfall. 


1.5 inches below normal, and this resulted in mid- 
summer drought. The 2 years’ growth of grasses 
without trampling and the winter’s freezing and 
thawing, however, had increased the rate of water 
infiltration into the soil.4 

The entire grazing season of 1939, except for June, 
was one of deficient rainfall (Fig. 4). A small mois- 
ture deficiency in April became acute in May when 
the rainfall was 2.5 inches below normal. The nor- 
mal June precipitation (4.3 in.) caused the vegeta- 
tion to flourish. Subnormal rainfall in July, amount- 
ing to more than an inch below the mean, retarded 
growth. Precipitation during August was nearly an 


* Vegetation was removed from the experimental areas each 
year; it was usually mowed, raked. and hauled away in early 
spring. 
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inch below normal. Soil moisture was reduced to the 
nonavailable point in the surface 6 inches several 
times, and available water content of the soil to a 
depth of 2 feet was rather continuously less than 
2 percent after June 30. This deficiency resulted in 
the rapid drying of the vegetation. 
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Fig. 4. Available soil moisture to a depth of 6 feet 
at Lincoln, Nebr., during 1939 (left panel), 1940 (cen- 
ter), and 1941 (right panel). Numbers at the top of 
the columns are dates of sampling; those at the base are 
total current monthly rainfall. 


The spring of 1940 was cool and late; April rain- 
fall was slightly above normal, and there was suffi- 
cient water content to promote good growth. Rain- 
fall in May was only 1 inch (3.1 inches below nor- 
mal), and only about half the normal precipitation 
fell in June (2.1 in.). Despite these conditions, the 
grasses made good growth, because of favorable dis- 
tribution of rainfall, until late in June. Since no 
more rain fell until almost the end of July, there was 
a period of four weeks during which growth ceased. 
Available water content was nearly exhausted to 4 
or 5 feet and the grasses dried (Fig. 4). Some were 
bleached nearly white; the bluestems took on the 
reddish-brown colors of autumn. But growth was 
renewed late in July, and continued throughout Au- 
gust under a normal rainfall. 

The growing season of 1941 was characterized by 
a late spring, a wet April, rather light rainfall in 
May and June, and severe drought during July and 
August (Fig. 4). Rainfall in May and June was 1.6 
and 0.9 inches, respectively, below normal. Of the 
normal rainfall for July (3.9 in.) and August (3.5 
in.), only 0.6 and 0.8 in., respectively, fell during 
these months. Conditions of growth were good until 
the last week in June, when a severe midsummer 
drought of long duration began. The vegetation be- 
came discolored and dry and growth ceased. Vege- 
tation regained its green color after rains late in 
August. Only a few of the most drought resistant 
grasses, as sand dropseed, side-oats grama, and blue 
grama, produced a small crop of flower stalks in the 
most favorable places. 

In 1942 rainfall was especially heavy during April, 
May, and June, and with few exceptions a good water 
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content of soil was maintained at most soil depths 
throughout the season (Fig. 5). The drought had 
been definitely broken and the plant cover became 
much taller and denser. 
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Fig. 5. Available soil moisture to a depth of 6 feet 
at Lincoln, Nebr., during 1942 (upper) and 1943 (lower). 
Numbers at the top of the columns indicate first, second, 
ete., week of sampling; those at the base are total cur- 
rent monthly rainfall. 


Although the total precipitation in 1943 was some- 
what less than that of either of the two preceding 
years, this deficiency occurred mainly late in the year 
after the grasses had made good growth. In 1942 
the subsoil had received much moisture, and this re- 
serve supply was available for growth in 1943, al- 
though there was little available water below a depth 
of 4 feet (Fig. 5). Vegetation had greatly recovered 
from drought, and both density of cover and yields 
were high. 

The water relations, which were overwhelmingly 
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the controlling factor in the growth of vegetation and 
community development, may be summarized for 
ready reference in interpreting the progress of suc- 
cession. 


1937 A dry year (19.4 inches of the normal 27.9 inches 
precipitation) following very severe drought. Vege- 
tation at very low ebb. 

1938 Above normal precipitation (28.4 in.) and an ex- 

cellent year for growth, except for moderate mid- 

summer drought. Good recovery toward former 

prairie conditions. 

Deficient rainfall (19.7 in.) except in June, es- 

pecially after midsummer when growth ceased. 

1940 Precipitation low (23.2 in.). Spring and early 
summer favorable to good growth; severe mid- 
summer drought, growth renewed in August. 

1941 Precipitation nearly normal (26.1 in.). Abundant 
soil moisture until July, then severe summer 
drought. 

1942 Above normal precipitation (28.8 in.). Good mois- 
ture reserves in spring; excellent growth. 

1943 Low rainfall (21.8 in.) but excellent summer for 
growth. Accumulated moisture reserves promoted 
good yields despite occasional deficient rainfall. 
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SUCCESSION AS MEASURED BY NUMBER 
AND DISTRIBUTION OF STEMS 


Succession in each group of quadrats was traced 
year by year. Quadrats dominated by Kentucky 
bluegrass were listed finally in the summer of 1941, 
but those in which sand dropseed or little bluestem 
dominated were listed annually, including 1943. 


SUCCESSION IN QUADRATS DOMINATED BY 
Sanp DRoPSEED 


Changes in plant population in 10 quadrats dom- 
inated by Sporobolus cryptandrus are shown for each 
of the 7 years in Table 2. At first sand dropseed 
constituted 80 percent of the entire vegetation, ex- 
clusive of native forbs and ruderals. There was a 
steady increase of the dominant each year—17, 22, 
and 35 percent over that of the preceding year— 
until 1941. That year marked a decrease as did also 
1942 and 1943 (Table 2 and Fig. 6). Thus, in 1940 
it composed 68 percent of all the grasses as measured 
by number of stems, but in 1943 only 35 percent. 
Despite the decrease in number of stems, the plants 
were most widely distributed in 1943 when they oe- 
curred in 814 of the 1,000 sq. dm. units as against 
762 in 1937, and 510 in 1940 when the number of 
stems was largest (Fig. 6). 

Bouteloua curtipendula, the second most abundant 
grass, increased steadily until 1940. It then showed 
a temporary but slight decrease, but reached a maxi- 
mum of 16 percent of the total grass cover in 1942. 
It decreased sharply in 1943. Bouteloua hirsuta de- 
creased with the thickening of the cover after 1940, 
but Poa pratensis increased with the return of greater 
precipitation. Relict bunches of Andropogon sco- 
parius gained in number of stems especially after 
1940, and A. furcatus also increased, partly by the 
spread of rhizomes. Both species increased their 
stem output by more than 900 percent. But even 
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TABLE 2. Species of grasses and sedges, native forbs, 
and ruderals in 10 meter quadrats dominated by Sporo- 
bolus cryptandrus, and changes in plant populations dur- 
ing each year of succession. 





NumBer or Stems 





J. E. WEAVER AND W. E. BRUNER 


Ecological Monographs 
Vol. 15, No. 3 


TABLE 3. List of species found in the 43 quadrats; 
the more abundant species are placed at or near the top 





of each list. 





Grasses and Sedges | Native Forbs (continued) 


Ruderals 








Species Gk ie: ieee SMR SeReG TRE le E & sy vt ns 
——— —-————_ 1937 | 1938 | 1939 | 1940 | 1941 | 1942 | 1943 | £4 2 } 
Grasses anv Sepces |———|—_—— |__| | ae | curtipendula 
Sporobolus cryptandrus 6, 285| 7,356] 8,998/12,161|10,507| 6,870] 6,127;— 3 Side-oats grama 
Bouteloua curtipendula| 448) 954) 1,992) 1,849) 1,796) 2,292) 1,387) 210 Poa pratensis 
Bouteloua hirsuta 365} 717) 895) 774) 535] 313| 222/— 39 Kentucky bluegrass 
Poa pratensis... . -| 315 82 96 96} 375); 380) 960) 205 Andropogon furcatus 
Andropogon furcatus 181 415) 1,006) 1,210) 1,070) 1,160) 1,814) 902 Big bluestem 
Andropogon scoparius 112 175 524 732) 1,405] 1,247| 1,182) 955 u 
The 10 other species 134) 903) 932) 1,163) 1,183) 2,342) 5,626/4,099 Andropogon scoparius 








7,840) 10, 602/14, 443) 17 ,985)16,871/14,604)17,318) 121 





Native Forss 












































Plantago purshii.... . 796 576 291 55 55 30 0|—100 
Hedeoma hispida... . 586; 651 136 13 15 70 0|—100 
Solidago glaberrima. . 90 170 426 215 315 192 922) 924 
Aster multiflorus.. . . 29 100 132 194 284 244 284) 879 
The 15 other forbs. . 134 148 138 70 327 282 880) 557 
I Ae dpe 1,635) 1,645) 1,123 547 996 818) 2,086 28 
RvuDERALS 
Lepidium densiflorum.| 1,785 5 0 24 38 2 0|—100 
Leptilon canadense. 1,200 57 28 7 13} 474) 2,287) 91 
Hordeum pusillum... . 323| 1,680 940 873 824) 4,848/10,154/3 044 
The 9 other ruderals . 62) 88 29 32 37 26} 338) 445 
MR easesicea 3,370} 1,830} 997 #38 on 5,350|12,779| 279 





in 1943 A. scoparius occurred in only 81 and A. 
furcatus in 224 of the 1,000 sq. dm. This indicated 
a distinet loss after the 1940 drought. The greatest 
increases were made by the group of “other species.” 
At first they composed less than 2 percent of the 
grass population. They then maintained about 8 per- 
cent until 1941, but by 1942 they ranked next to 
Sporobolus in number of stems. These 10 species 
occurred in only 43 sq. dm. in 1937, but in 470 in 
1943. 

The chief changes in the quadrats during the seven 
years of succession were a great increase in sand 
dropseed until the end of the drought in 1941, and a 
gradual decrease in both number and size of stems 
as the more mesic grasses regained their vigor. The 
10 other grasses and sedges occur in lists of total 
plant population in Table 3. 

Only 19 native forbs were found in 1937. Plan- 
tago purshit was most abundant. It decreased yearly 
and disappeared in 1943. Hedeoma hispida likewise 
decreased greatly during 1939 and later disappeared. 
But Solidago glaberrima and Aster multiflorus in- 
creased in these quadrats. As a group, however, the 
native forbs decreased 67 percent by 1940. They 
became much more plentiful with the return of abun- 
dant soil moisture, as was common in prairie else- 
where. 

Of the ruderals, Lepidium densiflorum and Lep- 
tilon canadense, both annuals, were extremely abun- 
dant in 1937. The first almost disappeared thereafter, 
but Leptilon was again extremely abundant in 1943. 
This phenomenon was widespread. The amount of 
Hordeum pusillum was greatest in years of good 


Little bluestem 


Koeleria cristata 
June grass 


Carex pennsylvanica 


Pennsylvania sedge - 


Bouteloua gracilis 
Blue grama 


Bouteloua hirsuta 
Hairy grama 


Festuca octoflora 
Six-weeks fescue 


Sorghastrum nutans 
Indian grass 


Panicum scribnerianum 
Scribner's panic grass 


Sporobolus heterolepis 
Prairie dropseed 


Sporobolus asper 
Tall dropseed 


Cy filiculmis 
lender cyperus 


Panicum virgatum 
Tall panic grass 


Panicum wilcorianum 
Wilcox’s panic grass 


Eragrostis spectabilis 
Purple lovegrass 


Aster multiflorus 
Many-flowered aster 


Xanthoralis stricta 
Yellow wood sorrel 


Senecio plattensis 


Lithospermum linearifolium 
Narrow-leaved puccoon 


Artemisia gnaphalodes 
Prairie sage 


Antennaria campestris 
Prairie cat's-foot 


Cathartolinum sulcatum 
Grooved yellow flax 


Amorpha canescens 
Lead plant 


Silene antirrhina 
Sleepy catchfly 


Achillea occidentalis 
Yarrow 

Cirsium undulatum 
Wavy-leaved thistle 


Vernonia baldwini 
Ironw 


Gaura parviflora 
Small-flowered gaura 


Kuhnia glutinosa 
Prairie false boneset 


Psoralea argophylla 
Silvery psoralea 


Baptisia bracteata 
False indigo 

Petalostemon purpureus 
Purple prairie clover 


Astragalus crassicarpus 
Ground plum 


Lepidium densiflorum 
‘eppergrass 


iain canadense 
orsewee 


Hordeum pusillum 
Little barley 


Grindelia squarrosa 
Gumwe 


Bromus tectorum 
Downy chess 


Qehod di — 





Tumblegrass 


Verbena stricta 
Hoary vervain 


Chamaesyce maculata 
Spotted spurge 


Tragopogon pratensis 
Yellow goat's beard 


Chenopodium album 
Lamb's quarters 


Amaranthus retroflerus 
Rough pigweed 

Salsola pestifer 
Russian thistle 


Ambrosia psilostachya 
Western ragweed 
Panicum capillare 
itchgrass 


Acerates angustifolia 
Narrow-leaved milkweed 


Psoralea floribunda 
Many-tlowered psoralea 


Native Forbs 


Hedeoma hispida 
Rough pennyroyal 

Vicia americana 
American vetch 


Plantago purshii 
Pursh’s plantain 


Solidago glaberrima 


Equisetum laevigatum 
Smooth goldenrod 


Smooth scouring-rush 


Erigeron ramosus 
Daisy fleabane 











spring rainfall, 1938, 1942, and especially in 1943, 
when an average of 1,000 plants per sq. dm. was 
found. Other ruderals occurred only in small num- 
bers. 


SUCCESSION IN QuADRATS DOMINATED BY 
LittLeE BLUESTEM 

Changes in plant population in 10 quadrats in 
which Andropogon scoparius was the most abundant 
grass are shown for each year of succession in Table 
4. It formed 31 percent of the total grass popula- 
tion in 1937. Number of stems increased 96, 90, and 
16 percent over the preceding year, respectively. 
But other grasses also increased so that this species 
formed 39 percent of the total grass cover in 1940 
(Fig. 7). There was a decrease the next year but 
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Fie. 6. Data from quadrats of Sporobolus cryptandrus. (Left) Maximum number of stems of perennial 
grasses and sedges, and (vertical columns) relative abundance in 1937 to 1943 inclusive. The table gives the 
number of square decimeters in which each species occurred at the beginning of the study, near the end of the 


drought (1940), and after 2 years favorable to growth. 


steady increase thereafter. The gain over the 7-year 
period was 365 percent. Despite this great gain in 
number of stems, the plants occurred in fewer square 
decimeters (352) than they did in 1937 (397). This 
resulted from the severe fall and winter drought of 
1939-40 when many bunches died. 

Behavior of Sporobolus cryptandrus is of special 
interest under the competition afforded by the thick- 
ening vegetation. It increased 75 percent in 1938, 
19 percent more in 1939, and an additional 31 per- 
cent by 1940, despite the dry fall preceding 1940 
which resulted in decrease of Andropogon furcatus 
and Bouteloua curtipendula. Although it continued 
to increase in 1941, there was a great loss in stems 
the next summer. This species usually ranked second 
in abundance until 1941. Then, owing to a large 
crop of seedlings, it greatly surpassed Andropogon 


scoparius in number of stems for a single year, after 
which its population greatly declined. It was only 
about one third as abundant as the dominant in 1943, 
but it nearly doubled its numbers during the seven 
vears. In 1940 and 1943 it occurred in 510 or more 
unit areas, compared with only 373 at the first quad- 
ratting. 

Bouteloua curtipendula, like sand dropseed, illus- 
trated its xeric nature by good increases until 1940, 
when it had gained 367 percent. It decreased about 
one third by 1943. Gains during the 7 years were 
210 percent in stem numbers, and from 221 to 395 
in unit areas in which it occurred. Andropogon 
furcatus increased in a manner similar to that of little 
bluestem until 1940. It declined somewhat in 1940 
and 1941 but recovered considerably in 1943. Total 
gain by 1940 was 287 percent over that of 1937, and 
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TABLE 4. Species of grasses and sedges, native forbs, 
and ruderals in 10 meter quadrats where Andropogon 
scoparius was the most abundant species in 1937, and 
changes in plant populations during each year of suc- 
cession. 





NuMBER OF STEMS 





| 
| 


Species ——— 


| Percent 
| change 


1937 | 1938 | 1939 | 1940 | 1941 | 1942 | 1943 | 





| 
Grasses AND SEDGES 


} 
Andropogon scoparius.| 2,048) 4,014) 7,606] 8,849) 8,153) 8,503] 9,521) 365 


Sporobolus cryptandrus| 1,714] 3,006] 3,565| 4,660|13,586| 3,522| 3,313) 93 
Bouteloua curtipendula| 748, 2,378| 3,813| 3,492| 3,133] 2,537| 2,319| 210 
Andropogon furcatus 741| 1,634| 3,114) 2,871) 2,457) 2,755) 3,151) 325 
Poa pratensis........| 713) 131} 343) 331) 463) 1,480) 2,863) 302 
Carex pennsylvanica..| 308) 399) 645) 880} 655} 637| 1,528] 396 
Koeleria cristata 273| 550) 541| 636 522) 1,234) 1,486) 444 
The 10 other grasses .| 117} 950} 1,001| 1,073) 1,616) 1,048) 818) 599 


| 6 66213, 062/20, 628]22,801|30,585|21,,716|24, 990 275 




















| 

| 
Native Forss | | | 
Plantago purshii.. . . 
Hedeoma hispida. . 


656] 715] 371] 30/ 1) 0} ~— 3|—100 
443| 1,007} 830) 44 5 1| 75|— 83 











Brigeron ramosus.....| 125] 145) 31] —«6|-«-254| 31 «407| 226 
j | 
Aster multiflorus.....| 94) 179] 451) 483) 476) 318] 140) 49 
The 12 other forbs...| 71] 128] 115] +79] 36) = 53] 213] 200 
SP) epee PPO MENTN ase Geen Meee Baer 
Total...... | 1,389] 2,174 1,798] 642] 772| 403] + 838|— 40 
| | | | 
ee a ee oy es 
RUDERALS 


Leptilon canadense....| 3,932| 670/99 3} O|-—49) 3,287|— 16 
Lepidium densiflorum | 2,210) 52! 4) 62 2 0 0|—100 
The 15 other ruderals. 22| 81) 40} 70 45 40 39] (77 


| 


J. E. WEAVER AND W. E. BRUNER 


Ecological Monographs 

rol. 15, No. 3 
drought of 1934. It remained in small patches of a 
square meter or less in the pasture when cattle were 
excluded. Of the 25,000 stems of grasses found in 
the 10 quadrats, 23,000 were bluegrass. All other 
species constituted but 8 percent of the grass popu- 
lation (Table 5). With a loss of 99 percent of the 
bluegrass during the dry fall and winter of 1937-38, 
the total cover of grasses was reduced to 31 percent 
by the next summer, despite the great gains of all 
of the other species. By 1940 bluegrass, which had 
oceurred in 730 sq. dm. units, was found sparingly 
in only 196. Thus, much fertile soil had been laid 
open to the other species. All of the other grasses 
showed good gains in 1939, but nearly all decreased 
in 1940. Sporobolus cryptandrus, however, gained 
steadily until 1941 when, like most other species, it 
showed a decrease. The net loss for bluegrass (1937- 
41) was 96 pereent. All others gained from 358 to 
939 pereent—the 8 other grasses collectively, much 
more. Moreover, all had inereased their area of oe- 
cupation. After 1941 bluegrass increased so rapidly 
that further stem counts seemed impracticable, in 
fact its return by rhizome propagation was extremely 
rapid during the years favorable for growth. 


TABLE 5. Species of grasses and sedges, native forbs, 
and ruderals in 10 meter quadrats dominated in 1937 by 
Poa pratensis, and changes in plant populations during 
each of the five years of protection. 

















| 
= 47 89) 3,326)— 46 





it increased still more in 1943. These gains were 
accompanied by an increase in area occupied (Fig. 
7). Poa pratensis, Carex pennsylvanica, and Koe- 
leria cristata all increased greatly after 1941 when 
soil moisture became more plentiful. 

The most striking changes in these quadrats were 
the great gains made by little bluestem; the early 
steady gains of sand dropseed and its great increase 
after the 1939-40 drought at a time when nearly all 
other grasses decreased; and, finally, the increase of 
nearly all other species thereafter. The total increase 
among the grass life-form was 275 percent. 

Among the forbs, Plantago purshii, Hedeoma his- 
pida, and Erigeron ramosus alone were of much im- 
portance in 1937. They all decreased greatly by 
1940, but only Erigeron became more abundant with 
greater precipitation. Aster multiflorus at first in- 
creased under protection from grazing, remained al- 
most stationary for 3 years, and then declined rapidly 
with the thickening of the grasses. 

Certain ruderals in 1937 were as abundant as the 
grasses. Leptilon canadense and Lepidium densi- 
florum were most abundant, but soon greatly de- 
creased and later disappeared. Total reduction of 
ruderals was 98 percent by 1940, and except for 
Leptilon they were even fewer in 1943. But Lep- 
tilon reappeared in very large numbers. 


SUCCESSION IN QuADRATS DOMINATED BY 
KENTUCKY BLUEGRASS 
Poa pratensis suffered great losses, often amount- 
ing to more than 95 percent, following the great 















































' NoumBer or Stems 
Species eee eae ee 
change 
1937 1938 1939 1940 1941 
Grasses AND SepGEs 

Poa pratensis............. 23 ,085 205 | 1,755 | 1,371 974) — 9% 
Sporobolus cryptandrus ..... 751 | 3,194 | 3,279 | 4,140 | 4,028 436 
Andropogon furcatus...... 450 | 1,112 | 3,092 | 2,576 | 2,687 497 
Andropogon scoparius...... 369 | 1,000 | 2,155 | 2,537 | 1,689 358 
Bouteloua curtipendula... . 268 | 1,175 | 3,052 | 2,737 | 2,308 761 
Carex pennsylvanica ....... 129 520 | 1,071 | 1,661 | 1,340 939 
The 8 other grasses........ 26 659 | 1,352 948 | 1,082 4,062 
| ns 25,078 | 7,865 |15,756 |15,970 |14,108 | — 44 

Native Forss 
Hedeoma hispida.......... 195 140 28 37 169 | — 18 
Aster multiflorus........... 163 362 | 1,333 | 1,198 | 2,479 1,421 
The 17 other forbs......... 416 396 598 304 | 1,291 210 
oe 774 | 898 | 1,959 | 1,539 | 3,939 | 409 

RupDERALS | 

Leptilon canadense......... 2,923 80 7 22 14; — 100 
The 13 other ruderals..... . 608 166 179 94 275 | — 55 
NE cas. ecesens 3,531 246 186 116 289; — 92 




















Native forbs were not abundant in the bluegrass 
sod, nor did they greatly increase with the death of 
bluegrass, except Aster multiflorus, which increased 
635 percent by 1940 and 107 percent the next year. 
The most abundant ruderal was Leptilon canadense, 
which decreased after 1937 to very small numbers. 


SUCCESSION IN OTHER QUADRATS 


Changes in the plant population in 10 quadrats in 
which mats of Boutelowa gracilis occurred were as- 
certained. The outline of the blue grama mats in 
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Fie. 7. Data from quadrats of Andropogon scoparius. (Left) Maximum number of stems of perennial 
grasses and sedges, and (vertical columns) relative abundance in 1937 to 1943 inclusive. Table as in Figure 6. 


the several quadrats included approximately 8 to 64 
percent of the square meter, but the basal area was 
much less than this, since long continued grazing had 
resulted in very open short-grass vegetation. The 
basal area occupied by blue grama was ascertained 
annually, each square decimeter being estimated sepa- 
rately. It was 6, 12, 12, and 16 percent in the years 
1937 to 1940, respectively. Since 420 unit areas 
contained this species originally but 487 finally, the 
inerease in basal area was due largely to a thickening 
of the mats. In 1941 the basal area was only 13 
percent, but a year later it had increased to 23. Blue 
grama then oceurred in 585 units. Kinds and be- 
havior of species of grasses, forbs, and ruderals were 


very similar to those in preceding quadrats. Sand 
dropseed, the most abundant mid grass, increased 
136 percent by 1940, side-oats grama 242, big blue- 
stem 276, little bluestem 312, but bluegrass only 
45 percent. 

Three quadrats where the soil was barest under 
the almost continuous stand of Lepidium densiforum 
were also sclected for study. Death of the bluegrass 
especially, but also of many other plants, produced 
these nearly bare places. Here the annual pepper- 
grass grew, but for one season only, at the rate of 
600 to 700 plants per square meter. The scourge of 
this weed in both pasture and drought-stricken prai- 
re was general from the Missouri River westward to 
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the Rocky Mountains (Weaver and Albertson, 1939). 
Hordeum pusillum occurred frequently, increased al- 
most 900 percent the second year, waned in 1939, 
but reached its greatest abundance (1,900 stems per 
square meter) in 1940. Other weeds were only 
moderately abundant, especially Leptilon canadense, 
Grindelia squarrosa, and Verbena stricta. Native 
forbs were of little significance, although Plantago 
was common. 

Under this canopy, Sporobolus eryptandrus had 
322 stems per square meter. It doubled this number 
the next year, showed a slight decrease in 1938, but 
a total increase of 137 percent for the four summers 
ending in 1940. Poa pratensis entirely disappeared, 
Carex pennsylvanica increased 106 percent, and Bou- 
teloua curtipendula 280 percent, although it decreased 
in 1939. Andropogon furcatus increased from 6 
stems to 54. Cyperus filiculmis entered the plots in 
1938, flourished in 1939, but lost half its numbers in 
1940. Only 12 grass seeedlings, all sand dropseed, 
were found in these plots during the four summers. 


SUMMARY OF SUCCESSION IN ALL QUADRATS 


Changes in plant populations in the 43 quadrats 
taken collectively are shown from 1937 to 1941 in 
Table 6 and Figure 8. Poa pratensis comprised 56 
percent of the total grasses in 1937. Greatly weak- 
ened by drought, it was reduced to only 3 percent of 
its 1937 abundance by 1938. It increased about 3.5 
times by 1939, but lost slightly the two following 
years. By 1941, however, there was 223 percent 
more than in 1938. It was represented in 1,049 unit 
areas in 1937 but in only 320 in 1941. In 1942 it 
made an excellent recovery and the next year its 
gains were very great; large patches were dominated 
by. bluegrass and an understory of this species oc- 
eurred widely. 

Sporobolus cryptandrus eomposed 26 percent of 
the grasses in 1937. It gained consistently in num- 
bers year by year; in thousands of stems the gains 
were from 11 to 17 and then to 20 and 26, and 
finally to 32. Yearly gains in percentages were 55, 
19, 29, and 20. Total inerease in number of stems 
was 185 percent. Since its gain in square decimeters 
occupied was only 112 by 1940, its chief develop- 
ment was that of plants already established, although 
seedlings occurred far more abundantly than those 
of any other grass. Moreover, its wide initial dis- 
tribution in more than 43 percent of the unit areas 
should be emphasized. The spread into 954 addi- 
tional units in 1941 was due largely to seedlings. 
But with the increasing abundance of the more mesic 
and more shade-enduring grasses after 1941, there 
was a gradual but regular decline, as was indicated 
by data. from the quadrats charted each year, in- 
eluding 1943. 

Andropogon scoparius inereased 105 percent the 
first year, 98 the second, and 17 in 1940. Thus, the 
total gain was 375 percent, but the increase in area 
of this buneh grass was only from 549 to 822 units. 
Very few seedling bluestems of either species were 
found. There was a slight decrease in 1941, but 
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Fig. 8. Data from all 43 quadrats. (Left) Maximum 
number of stems of perennial grasses and sedges, and 
(vertical columns) relative abundance in 1937 to 1941 
inclusive. The table gives the number of square deci- 
meters in which each species occurred at the beginning 
of the study and at the end of the drought (1941). 


thereafter widely scattered and long-dormant crowns 
revived, old bunches became filled with stems and 
also increased their area, and seedlings began to 
appear (Weaver and Albertson, 1944). Thus, with 
a revival of the bluestems, and the spreading of the 
bluegrass, sand dropseed was suppressed. 

Bouteloua curtipendula inereased even more rapidly 
than did sand dropseed. Gains were 195 and 91 per- 
cent, respectively, in the first 2 years. But these 
were followed by decreases of 9 and 11 percent in 
1940 and 1941 respectively. This phenomenon of a 
great wave of side-oats grama sweeping over the 
drought-opened prairie following the good vear of 
1938 was general, as was a!so its waning following 
the fall and winter drought of 1939-40 (Weaver, 
1943). Nor did it ever again reach such great abun- 
dance, for with increased precipitation the more mesic 
and more shade-tolerant grasses began to reduce it 
to its former role of an interstitial species (Weaver 
and Albertson, 1944). The 4-year gain, however, 
was 356 pereent. It spread from an initial area of 
571 units to 1,291. 

Andropogon furcatus likewise gained rapidly, 106 
and 144 percent the first 2 years. It then decreased 
8 and 5 percent the next two. Its total gain by 1941 
was 337 percent, and it spread from 580 to 1,245 
unit areas by 1940, but decreased to 948 in 1941. 
But once the soil beeame more constantly moist, the 
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TABLE 6. Summary of species of grasses and sedges, 
native forbs, and ruderals in the 43 meter quadrats, and 
changes in plant population during each of the 5 years 
of protection. 





NuMBER or Stems Percent 





Species 


1937 | 1938 | 1939 | 1940 | 1941 | 1941 



































Grasses AND SEDGES 
Sporobolus cryptandrus.......... 11,298)17 ,487/20,792 26 , 769/32, 168 185 
Se eee 24,626 713| 2,542) 2,215) 2,304) — 91 
Andropogon scoparius........... 2,698) 5,527/10,933/12,814|11 614 330 
Bouteloua curtipendula.......... 1,897| 5,596/10,709| 9,738] 8,645 356 
Andropogon furcatus............ 1,770) 3,638] 8,878] 8,184) 7,736 337 
Bouteloua hirsuta............... 725) 1,550) 2,122) 2,242) 1,398 93 
Carex pennsylvanica............. 585) 1,105) 2,005] 2,963] 2,373 306 
Koeleria cristata................ 410] 1,144) 1,408) 1,776] 1 ,639 300 
NII aS ciiie voces vases 56) 257) 502) 428) 648| 1,057 
Cyperus filiculmis............... O} 1,659) 1,721) 1,235] 1,644 
The 7 other grasses............. 90 198 178 294 289 221 
I oo. 9ers ne tiene ea 44, 155/38 , 874/61 ,880 68 , 658/70, 459 60 
Native Forss 
Hedeoma hispida............... 2,172) 2,381| 1,004) 148] 305) — 86 
Plantago purshii................ 1,599] 1,457; 943) 167) 184, — °88 
Erigeron ramosus............... 376) 325) 314 28} = 881 134 
Aster multiflorus................ 354 808) 2,237) 2,053) 2,737 673 
Solidago glaberrima............. 302) 473] 1,155} 637| 655 177 
Achillea occidentalis............. 132 51 23 61 58} — 56 
Artemisia gnaphalodes........... 92 22 169 8 97 5 
Lithospermum linearifolium...... 24 60 77 57; 112 366 
Cathartolinum sulcatum.......... 65 24 12 9 5} — 92 
Xanthoralis stricta. ............. 46) 349 459 312 663 1,341 
Amorpha canescens............. 40 21 11 26 45 13 
Senecio plattensis............... 16 4 0 20} 112 600 
Antennaria campestris........... ll 9 37 0 19 73 
The 13 other forbs.............. 112 30 35 17 81] — 28 
SRM in stances 5,341) 6,014] 6,476| 3,543] 5,954 il 
RupERALS 
Leptilon canadense.............. 9,404) 851) 149} 37| 54) — 99 
Lepidium densiflorum........... 8,412) 66) = 11], s:112) 220) — 97 
Hordeum pusillum.............. 1,281] 8,885) 5,213 6,630) 8,747 583 
Grindelia squarrosa............. 74) 33} 48] 85] 54] — 27 
Schedonnardus paniculatus....... 58} 154 25} 43 1] — 98 
ne 34 155 128 83 634 1,765 
Ambrosia psilostachya........... 9 2 12 160 23 156 
The 7 other ruderals............ 23 44 32 64) 205 791 
MS ooo Seis ewer eo 10,190} 5,618) 7,164) 9,938] — 48 

















plants flourished. Their shade was distinctly harm- 
ful to sand dropseed. 

Bouteloua hirsuta, Carex pennsylvanica, Koeleria 
cristata, and Cyperus filiculmis all increased steadily 
in number of stems, except for a slight decrease in 
1940 or 1941. All but Bouteloua also increased 
greatly in number of unit areas occupied. 

Among the 26 native forbs growing in the quad- 
rats, only 5 were of outstanding abundance. To- 
gether they constituted 90 percent of the total forb 
population in 1937, and 80 percent in 1941. Con- 
trary to the decrease in most grasses in 1941, the 
forbs, with few exceptions, increased in numbers. 
The slight increase in Hedeoma hispida in 1938 and 
the marked decrease in 1940 is shown in Table 6. 
The behavior of Plantago purshii, second in abun- 
dance, was somewhat similar. Erigeron had made 
an enormous increase everywhere in pasture and 
prairie following the drought year of 1934 and was 
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just beginning to decline in 1937-38. Solidago gla- 
berrima and especially Aster multiflorus spread 
widely by rhizomes. Number of stems increased 57 
and 128 percent respectively the first year, and 144 
and 177 percent the second, after which there was a 
decrease in both species as the grass population be- 
came denser. This was followed by a slight increase 
in 1941. The net increases from 1937 to 1940 were 
111 percent for goldenrod and 480 for aster. Much 
of this was an actual spreading into new territory. 
The total forb population increased 13 percent the 
first year and 8 the second. Then followed a heavy 
loss of 45 percent in 1940, after which there was a 
gain of 68 percent. Of the five leading species in 
1937, the three short-lived annuals ranking highest 
were far surpassed in abundance in 1940 by Aster 
multiflorus and Solidago glaberrima. Number of 
species of forbs in the plots was reduced from 19 
in 1987 to 15 in 1940, but in 1941 there were 26. 
Decrease in kind and number of forbs was general 
in grassland following the great drought. 

Among the 14 species of ruderals encountered in 
quadratting, only three were of outstanding abun- 
dance (Table 6). They constituted 99 percent of 
the weedy fraction of the vegetation in 1937. Lep- 
tilon canadense alone formed 49 percent, and Le- 
pidium densiflorum 44. Leptilon decreased 91 per- 
cent the first year and Lepidium 99. Thereafter 
neither was of much significance. Formerly occur- 
ring in an area of about 2,500 square decimeters, 
they were finally reduced to 50 or less. This re- 
markable change is to be attributed very largely to 
seasonal differences in physical environment and not 
to the cumulative competitive effect of a denser grass 
cover. It occurred in drought-depleted prairie as 
well as in pasture. 

Total weed population was not reduced in 1938 in 
proportion to these two weeds. Hordeum pusillum 
increased sufficiently (594 percent) to maintain the 
general loss from 1937 at 47 percent. In 1938, this 
weed alone composed 87 percent of the ruderals. It 
decreased the next year, but was again abundant in 
1940, and even more abundant in 1941. Since the 
number of other species collectively remained fairly 
constant, the rise or decline of weeds after 1937 was 
determined almost entirely by Hordeum. At its low- 
est ebb in 1939, the total weed population had de- 
creased to 70 percent of that of 1937. The number 
of unit areas in which weeds occurred decreased 
from approximately 5,500 to 700. But both number 
of stems and unit areas occupied increased with 
drought. Thus, in 1941 the decrease in number of 
stems over 1937 was only 48 percent. 


OCCURRENCE OF SEEDLINGS 


The number and kind of seedlings found in -the 
quadrats were recorded each season. Because of the 
intermittent periods of drought that occurred nearly 
every year, seedling population was small consider- 
ing the openness of the vegetation, especially during 
the earlier years of succession (Weaver and Mueller, 
1942). Table 7 shows that among the perennial 
grasses there were no seedlings the first year, and that 
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Sporobolus cryptandrus was by far the most prolific 
seeder. The largest number of seedlings occurred in 
1941 when there was abundant moisture until July. 
Of these 93 percent (10,114) were Sporobolus cryp- 
tandrus. Not only was the total number much greater, 
but seedlings of 6 additional grasses and 7 forbs 
were found. 


TaBLE 7. Kind and number of seedlings in the 43 
quadrats when listed in June or July of each year. 





Species 1937 | 1938 | 1989 | 1940 | 1941 | 1942*! 1943* 


PERENNIAL GRASSES } 
350! 255/10, 114 9 


Sporobolus cryplandrus 390 2 
Andropogon scoparius 6 4 38 1 
Bouteloua curtipendula 51 30 183 36 34 
Andropogon furcatus 4 19 211 4 1 
Bouteloua hirsuta. . 18 14 4 
Koeleria cristata 25 3 4) 41 27 161 
Panicum scribnerianum 3 18 282 16} 31 
Six other species : 24 9) 4 

435] 330/10,907/ 101 238 


Total. ... > ..| 415 


* + i] 
Native Forss | 











| 
Erigeron ramosus : 176 61) 1,051 347) s02| 21 14 
Aster multiflorus . . 9 25 33} 406) |. 
Cirsium undulatum 8} 3) 6} 2) 6 paoted 
Achillea occidentalis 1 53) 71 13} 1 18) 2 
Lithospermum lineari folium as 17} 123) ee Sete 
Xanthozalis stricta. . . ee eee” er } 161| 225| 1 6 
Eight other species 4 12 | 109) ‘ 
Total....... ...| 189} 138] 1,170] 679/ 1,609} 40) 22 
| | 
RvUDERALS | | 
Leptilon canadense..... . scale 4) 18} er | 3 
Grindelia squarrosa. . os ee 87| 181 43| 
Verbena stricta...... 12} 4) 11] 48) (236). 
Chamaesyce maculata. . . . 1} 13) 3} 7| | ee | aes 
Amaranthus retroflerus 2) 7| Buscar 
Salsola pestifer...... ; | 1 M1) 151} 77). | 
—|—_—_ a =A 
Total Seen ie! | 





*Data from 20 quadrats only. 


In 1942 only 101 seedlings of grasses and 40 of 
native forbs occurred in the 20 meter quadrats. The 
number of seedlings was also low under the heavy 
cover of vegetation in 1943, although a good seed 
crop matured in 1942. In fact, the slowness of re- 
covery was due in part to the small number of seed- 
lings. After years of drought, an abundance of 
seedlings must be preceded by a good seed crop. 
Seeds of the several grasses were planted in six 
different places selected at random after spring mow- 
ing in 1942. They were worked into the soil by 
means of a garden rake. Excellent stands were pro- 
duced. The plants grew slowly, and nearly all ap- 
peared dead after the August drought. Many were 
revived by the autumn rains, but growth was negli- 
gible. Only rarely did one survive under the dense 
foliage cover of the following year. 

Although the living seedlings were included in the 
stem counts, except for Sporobolus cryptandrus they 
were nearly always few. Consequently the increase 
in perennial plants was due to tillering, production 
of shoots from rhizomes, or other means of vegetative 
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propagation, and after 1942 by growth from long- 
dormant rooterowns and rhizomes (Weaver, 1944), 
OTHER MEASURES OF SUCCESSION 
The progressive development of the vegetation was 
ascertained by several other methods. These ineluded 
the measurement of density and composition, size and 
character of bunches, relative vigor as expressed fol- 
lowing clipping, yield, and repeated general obser- 
vations. 


DENSITY AND COMPOSITION OF VEGETATION 


Data were obtained upon the density and eomposi- 
tion of vegetation in areas which had undergone 
different periods of succession. Five meter quadrats 
were selected at random but approximately opposite 
each other, in each of the several long, narrow ex- 
closures where succession had proceeded a first, see- 
ond, and fourth year respectively. This was done on 
June 15, 1940. Foliage cover was estimated sepa- 
rately by each of three experienced investigators after 
each quadrat had been divided into five strips, each 2 
decimeters wide. Experience has shown that this 
is the best size of area for this purpose in this type 
of vegetation. The three estimates for each 2-decime- 
ter strip were averaged, and then added and divided 
by five in order to obtain the total foliage cover for 
each square meter. Foliage cover is equivalent to the 
pereentage of soil surface that is concealed by the 
vegetation when the estimator views the plants di- 
rectly from above. Basal area was estimated for 
each square decimeter, that is, 100 estimates were 
made and averaged for each quadrat. 

Stems were listed in the usual manner. Percentage 
composition of vegetation was ascertained by divid- 
ing each quadrat into 10 decimeter strips and con- 
sidering the total vegetation in each as 100 percent. 
Two investigators, working together, then estimated 
what percentage of the entire vegetation was con- 
stituted by sand dropseed, little bluestem, ete. This 
was based solely on area occupied by the bases of 
bunches or stems of each species. Forbs were esti- 
mated collectively. 

The foliage cover shows some irregularities, as 
would be expected in random sampling. There is a 
marked increase in average cover during the second 
years of succession—a gain of 93 percent (Table 8). 


TABLE 8. Percentage of foliage cover and basal area 
of pasture vegetation on June 15, 1940, during the first, 
second, and fourth year of succession. 

















Foui1aGE Cover Basa AREA 
Quadrat 

No. First |Second | Fourth | First | Second | Fourth 
Year Year | Year | Year | Year | Year 

| ee: 46 58 72 12.2 21.0 18.2 
» Sener 24 56 60 11.é 19.0 16.5 
> ene 36 76 49 14.8 22.8 | 20.8 
ees 25 60 64 7.2 | 23.h 22.0 
: rae 16 32 61 6.9 15.3 | 20.7 
Average..| 29 56 61 10.5 | 21.2 19.6 























phs 
0.3 


ov. 
ng 


was 
ded 
and 
fol- 


ser- 


Osi- 
one 
rats 
site 
eXx- 
see- 
> on 
“pa- 
fter 
eh 2 
this 
ype 
ime- 
ided 
for 
the 
the 
. di- 
for 
were 


tage 
ivid- 
con- 
cent. 
ated 
con- 
This 
s of 
esti- 


3, as 
is a 
cond 
e 8). 


area 
first, 





purth 
Year 


18.2 
16.5 


12.0 
20.7 


19.6 





July, 1945 A SEVEN-YEAR QUANTITATIVE STUDY OF SUCCESSION IN GRASSLAND 311 


This increase in the amount of vegetation is also 
expressed in a somewhat comparable increase (102 
percent ) in basal area. Inerease in foliage cover 
from the second to the fourth year was only 9 per- 
cent, and the basal area decreased slightly. This 
decrease is attributed largely to partial replacement 
of the wide-based sand dropseed by the more erect 
bluestems and side-oats grama, but in part to the 
more erect habit of sand dropseed under competition. 

Basal area the fourth year varied from 16.5 to 
22 percent and averaged 19.6. In the original pas- 
ture recently protected it varied from 6.9 to 14.8 
percent and averaged 10.5. Thus, the amount of 
soil covered in the fourth year of the suecession was 
nearly double that in the original pasture. 

The number of stems of sand dropseed showed an 
increase of 85 percent under the second vear of suc- 
cession as compared with the first. By the fourth 
year, however, the number had decreased until it was 
somewhat less than that of the first year. This be- 
havior is in aceord with the percentage composition. 
In the first year of protection sand dropseed alone 
constituted 49 percent of the grasses, in the second 
81, but in the fourth year only 39 percent. This 
resulted in the rapid increase of this species imme- 
diately following protection and its actual decrease 
after four years resulting from the competition of 
other grasses, especially little bluestem and side-oats 
grama. Little bluestem about doubled its number 
of stems after one year of protection, but increased 
nearly 10 times by the fourth year. Increase of side- 
oats grama was also very great. 

A very significant faet was the change in the com- 
position of the vegetation upon the basis of basal 
area. The first year the non-weedy and practically 
wholly perennial grasses constituted 57 percent of 
the total vegetation. But this increased to 92 per- 
cent in the second year, and to 97 during the fourth 
vear of suecession. Ruderals showed a marked de- 
crease from about 33 percent (mostly little barley) 
in the recently grazed pasture, to about 5 percent in 
the one protected two years. In the fourth vear of 
succession the percentage of vegetation composed of 
ruderals had decreased to about 2. The remaining 
increment of native forbs was 10, 3, and 1 percent, 
respectively, in the several stages of development. 


S1zE AND CHARACTER OF BUNCHES 


One hundred bunches of sand dropseed were se- 
lected at random in each of the three areas under- 
going succession and in the adjacent grazed pasture. 
The diameter of the bunch one half inch above the 
soil surface was measured, and the number of stems 
per bunch was ascertained, as was also the length of 
stems. Bunches of little bluestem were similarly 
measured, 25 from each of the four habitats being 
used (Fig. 9). This was done on July 15, 1940, be- 
fore flower stalks had appeared. The averages of 
these measurements are shown in Table 9. 

Diameter of bunches of little bluestem gradually 
increased with the succession, but bunches of sand 
dropseed first increased and then became smaller. 
The smallest average diameter of sand dropseed 





Fic. 9. Bunches of little bluestem (Andropogon sco- 
parius) selected on June 13, 1940, for average size under 
the first, second, and fourth year of succession. Heights 
are 3, 5.5, and 9 inches respectively. The first bunch 
has only a fringe of stems on one side; the second is 
one fourth filled with stems; but the last has a dense 
stand of stems throughout. Dry weight of foliage in 


the same order is 2.5, 11, and 40 grams. 


under protection was that of bunches having the 
largest number of stems. This resulted from the 
basal spreading habit of the grass under recent graz- 
ing and its more erect one under competition for 
light. Length of stems of both species increased 
rapidly and consistently under protection as did also 
their numbers. Stems of little bluestem practically 
doubled in number the first year of proctetion and 
almost repeated this increase the second growing 
season. 


TABLE 9. ‘Variation in size (in inches) and number of 
stems in bunches of grass of each species in grazed pas- 
ture and in the first, second, and fourth year of succes- 
sion, respectively. 





| YEAR OF SUCCESSION 
Criteria 





| Grazed — 
| pasture | First | Second | Fourth 








| Sporobolus cryptandrus 
ie. 2.4 


Diameter of bunch ...! 1.7 | : 2:2 
Number of stems.....| 6.7 | 12.5 | 15.4 | 19.9 
Length of stems. . 22 | £8234 F828 Fes 
Andropogon scoparius 
Diameter of bunch ... ta Tt “ee 2.3 2.9 
Number of stems... .. 11.6 | 22.7 40.8 49.9 
Length of stems... .. . 2 ae 4.3 6.8 





Increase in foliage with increasing periods of suc- 
cession also resulted in greater production and greater 
accumulation of litter. Average square meter areas 
under 0, 1, 2, and 4 years of succession yielded re- 
spectively 31, 56, 88, and 93 grams of air-dried litter. 
This inerease in soil mulch is very beneficial, es- 
pecially in relation to conservation of precipitation. 


INCREASE IN VIGOR OF VEGETATION IN RELATION TO 
PERIOD OF SUCCESSION 


The increased vigor of vegetation as expressed by 
its rate of development after repeated removal of 
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the foliage was studied. In an experiment where 
plants in quadrats had been removed by clipping on 
June 1, July 1, and again on August 15, their height 
on September 11 was ascertained (Table 10). 


TABLE 10. Selected species of grasses showing rela- 
tion between period of succession and recovery from 
clipping. Average height on September 11 is shown in 
inches. 











YEAR OF SUCCESSION 
Species ——| Climax 

First | Second | Fourth 
Andropogon scoparius..... 3.0 3.2 4.5 4.8 
Andropogon furcatus......| 4.0 4.4 5.7 6.0 
Bouteloua curtipendula....| 3.0 3.5 4.2 5.0 
Sporobolus cryptandrus....| 2.1 2.4 3.0 3.3 
Koeleria cristata.......... 2.1 2.3 2.2 3.5 
Eragrostis spectabilis..... . 3.2 5.0 10.0 

















These data confirm other similar studies on re- 
covery after clipping and reveal clearly the increas- 
ing vigor resulting from greater food reserves under 
an increasing period of succession without disturb- 
ance.by grazing animals. 

SUCCESSION AS MEASURED By YIELD 

It is generally assumed that when climax true 
prairie degenerates to any one of the several subsere 
stages there is a corresponding decrease in either or 
both quantity and quality of forage. This is known 
to be a fact as regards degeneration of true prairie 
to Kentucky bluegrass, to western wheat grass, or to 
the short grasses—blue grama and buffalo grass 
(Buchloe dactyloides) (Weaver and Hougen, 1939; 
Weaver and Albertson, 1944). But to what degree, 
if any, plant production increases with succession is 
not so clear. 

In the spring of 1940 a series of 30 meter quad- 
rats were located at random 20 feet apart along a 
north-south line in the area undergoing its fourth 
year of succession. Thirty other quadrats were lo- 
cated in a similar manner in the adjoining climax 
prairie, and two other similar lots were laid out, one 
in the pasture undergoing a second year of succes- 
sion and one in a parallel strip enclosed only in 
1940. Clippings from these 4 groups of 30 quadrats 
were to supply data on the amount of prairie grasses, 
pasture grasses, and forbs, both native and ruderal, 
produced each month during summer. At each clip- 
ping the vegetation of each quadrat was separated by 
selective cutting into prairie grasses, pasture grasses, 
and forbs. Each partial yield was placed in a sepa- 
rate cloth sack, thoroughly air-dried, and its dry 
weight ascertained. Both prairie and pasture had 
been mowed about 1.5 inches high before growth was 
resumed and the grass collected with a hayrake and 
removed from the field. 

Prairie grasses included all plants of grasslike 
habit that were found more or less regularly in nor- 
mal, undisturbed prairie. Pasture grasses included 
similar species not common to climax eastern Ne- 
braska prairies, and bluegrass, which is a _ long- 
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established invader. Only very small amounts of 
grasses not listed were found. 


Prairie Grasses 
Andropogon scoparius 
Andropogon furcatus 
Bouteloua curtipendula 
Bouteloua gracilis 
Bouteloua hirsuta 
Carex pennsylvanica 
Koeleria cristata 


Panicum virgatum 
Panicum scribnerianum 
Sorghastrum nutans 
Sporobolus asper 
Sporobolus heterolepsis 
Stipa spartea 


Pasture Grasses 
Aristida oligantha 
Cyperus filiculmis 
Eragrostis cilianensis 
Eragrostis pectinacea 


Hordeum pusillum 
Hordeum jubatum 

Poa pratensis 
Sporobolus eryptandrus 


The total seasonal yield in each stage of succes- 


sion (from four monthly clippings) is shown in 
Table 11. 
TABLE 11. Yield in grams of prairie grasses, pasture 


grasses, and forbs in areas where succession had pro- 
ceeded the first, second, and fourth year respectively, 
and in climax prairie. 




















PasTuRES PROTECTED 
Vegetation First | Second | Fourth | Prairie 
Year Year Year 
Prairie grasses... .... 474 1,045 | 3,831 | 5,744 
Pasture grasses....... 6,382 | 8,000 | 3,618 332 
MN ccc ener Oren 867 | 1,033 | 1,285 | 1,405 
ee 7,723 |10,078 | 8,734 | 7,481 











The annual yields of prairie grasses in percentages, 
based on the prairie as 100 percent and beginning 
with the first-year protection, were, respectively, 8.3, 
18.2, 66.7, and 100. Annual yields of pasture grasses, 
based upon the first-year protection as 100 percent, 
were 100, 125.4, 56.7, and 5.2 percent, respectively. 
Stating the yield of forbs in prairie as 100 percent, 
production in the pastures in the first to the fourth 
years of succession, was 61.7, 73.5, and 91.5 percent, 
respectively. 

Comparison of the total yields reveals the sur- 
prising fact that they were greatest during the sec- 
ond year of succession. They were next greatest 
during the fourth year, less during the first year, 
and least in the climax prairie—which, however, had 
suffered considerably from drought. Yields per acre 
in the above sequence were 1.51, 1.31, 1.15, and 1.12 
tons. From these data on plant production near the 
end of a very dry period it may be clearly seen that 
the earlier stages in succession, where annual weeds 
and xerie grasses were plentiful, gave highest total 
yield. 

During the end of the last year of experimental 
study (1943) and the second year of good rainfall, 
the total yield was again obtained. Ten 2-meter 
quadrats were selected at random at widely dis- 
tributed places, previously unclipped, in the areas 
protected for the fourth and seventh year, respec- 
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tively, and in the prairie. A first cutting was made 
on July 23 at a time when the vegetative growth of 
even the late blooming grasses was complete. The 
flower stalks of needle grass, June grass, Kentucky 
bluegrass, little barley, hairy chess (Bromus com- 
mutatus) and certain other plants were still standing 
or even if lodged could be included in the harvest. 
The bluestems, prairie dropseed, tall dropseed, and 
other late blooming grasses had not produced flower 
stalks. One of each of the 2-meter quadrats was 
used for determination of the basal area and both 
for the estimation of foliage cover. <A second clip- 
ping was made in September, since a good growth of 
aftermath was produced. The new growth reached 
the average height of about 9 inches in all of the 
different experimental areas. 

Basal area was 20 percent in the plots undergoing 
the fourth year of succession. This high amount was 
due in part to an understory of little barley. It was 
approximately the same (21.3 pereent) in seven-year 
pasture and prairie. Foliage cover averaged 72 per- 
cent in each of the two former pastures and 80 
percent in prairie. These high percentages and the 
great uniformity in the different areas showed that 
the vegetation had greatly improved since 1940. Total 
yields in the 4-year and 7-year pastures and in prai- 
rie, respectively, were 11,023, 10,899, and 11,513 
grams; the prairie yielding 2.6 tons per acre. 

From another lot of 20 meter quadrats in each of 
the three same experimental areas, but quadrats cut 
at the end of each of the four summer months, the 
total yields were, in the same order, 9,780, 7,875, and 
8,461 grams. These heavy yields reflected both the 
rapid progress in succession and the improved con- 
dition for growth in 1942 and 1943. The fact that 
the yield of prairie grasses alone in the 4-year suc- 
cession (5,527 g.) considerably exceeded that in the 
7-year (5,003 g.) and nearly equaled that of the 
prairie (6,120 g.), at first appears anomalous. But 
the marked stimulation of the bluestems and other 
prairie grasses thinned by drought, as compared with 
those in relict prairie areas with a fair to good cover 
of vegetation, was a widespread phenomenon (Wea- 
ver and Albertson, 1944). With the return of moist 
years the less closely spaced relict grasses made a 
luxuriant growth; their stature far exceeded that of 
the same species in stabilized vegetation. In addi- 
tion to this increased development of prairie grasses 
the excellent growth of pasture grasses as well in- 
creased the yield of the 4-year succession until it 
exceeded that of the climax grassland. At only one 
time during the 8-year period was the stand denser 
and the yield higher in any of these stages of suc- 
cession or in the climax grassland. That was in the 
last year of the study, 1944. 


GENERAL DEVELOPMENT OF VEGETATION 


In conjunction with the detailed study of the quad- 
rats, a more comprehensive view of succession was 
gained by carefully recording each year the changes 
in the entire area. The succession may stand out 
more clearly, however, if the vegetation during the 
second year (1938) is compared with that at the 


close of the drought cycle (1940-41), and this with 
the greatly improved plant cover after 3 years of 
recovery (1944). 


PLANT COVER IN 1938 


The second year of succession was one of good re- 
covery of vegetation despite the midsummer drought. 
In the south exclosure there was a marked increase 
in grasses and a corresponding decrease in forbs. 
Big bluestem and little bluestem shared equally in 
importance with sand dropseed. There were many 
bunches, mostly small and young, of June grass and 
side-oats grama which had also increased in abun- 
dance. The bluestems and sand dropseed were not 
greatly intermixed but more or less dominated dif- 
ferent local areas (Fig. 10). Aster and goldenrod 
were the most important weeds but, like all other 
perennial and annual forbs and weedy grasses, they 
were siowly giving way to the dominant grass life- 
form. 





Fic. 10. Recovery of little bluestem in pasture after 
2 years of protection. July 25, 1938. 


In the north exclosure sand dropseed was the 
dominant grass everywhere, with side-oats grama 
second in abundance but of much lower rank and 
with the plants widely scattered. In many places 
sand dropseed covered the soil almost completely, 
the foliage cover being as high as 90 percent late in 
July when the general grass level was about 12 
inches and the flower stalks were 2.5 to 3 feet tall 
(Fig. 11). At a distance of a few rods, except for 
the tall daisy fleabane and gumweed, the pasture ap- 
peared to be completely dominated by sand dropseed 
and a sparse to moderate mixture of side-oats grama. 
A considerable part of the increase of sand dropseed 
resulted from the abundant seedlings of the previous 
summer. 

All other grasses were far less abundant, their 
order of importance being big bluestem, blue grama 
and hairy grama, little bluestem, June grass, and 
bluegrass. The considerable amount of big bluestem 
and somewhat less abundant little bluestem were im- 
pressive since in the preceding year they were 
searcely to be found. Both species had regained for- 
mer losses by vegetative propagation, and both pro- 
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Fie. 11. 
cryptandrus) in pasture undergoing a second year of 


Dense stand of sand dropseed (Sporobolus 


succession. July 25, 1938. 

duced seed. Many small bunches of June grass were 
seattered throughout as were also many new plants 
of blue grama and tufts of hairy grama. Growth 
was vigorous in the bared soil. Seribner’s panic 
grass and Wilcox’s panie grass were found sparingly 
throughout and occurred in dense stands about the 
edges of bare places. Slender eyperus, found only 
rarely in 1937, was a common and even abundant 
species iu the areas laid bare by the death of blue- 
grass; patches 5 to 10 square feet in area occurred. 
Pennsylvania sedge, also profiting by the death of 
bluegrass, had inereased considerably. Bluegrass was 
represented only by a few small patches and rarely 
by isolated tufts. 

Although prairie grasses were not abundant, con- 
sidering the area as a whole, yet they did dominate 
in many scattered square meters, a fact of much im- 
portance since it distinctly indicated the beginning 
of their return. 

The two chief weedy forbs in sequence of impor- 
tance were aster and goldenrod. Aster varied greatly 
in height and density of stand, depending largely 
upon competition. In pure stands, often 4 or more 
feet in length and breadth, it reached a height of 
2.5 feet, and the stems from the rhizomes were so 
densely aggregated that no other plants had returned 
to the drought-bared areas into which the aster had 
rapidly spread. The goldenrod attained a height of 
2 to 2.5 feet in dense patches where there was prac- 
tically no grass, but where sand dropseed also oec- 
curred the stems were fewer and only 16 inches tall. 
The larger patches of this rhizomatous species were 
12 feet wide and 18 feet long. The plants were often 
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so densely aggregated that even grasses were all but 
excluded. However, fruiting stalks of sand dropseed 
and side-oats grama, or less frequently of big blue- 
stem, appeared sparingly from plants enfeebled by 
the dense shade. ; 

Little barley ranked third in abundance among the 
weeds, and was followed by Pursh’s plantain and 
rough pennyroyal. These were most abundant in 
patches of dead bluegrass. They frequently oceupied 
2 to 8 square feet in pure or mixed stands. In gen- 
eral, the gray spikes of the plantain, the species 
which dominated small areas the preceding year, 
were almost completely obscured by the thickening 
cover of grasses. Indeed, over the lower half of the 
pasture little barley and rough pennyroyal formed 
a distinet understory, at a height of 10 to 13 inches, 
beneath the perennial pasture and prairie grasses. 
During June, little barley appeared to suppress sand 
dropseed, but later the cover of this perennial was 
very thick and the weedy grass was subdued. In 
the smaller areas where little barley had complete 
control, the dried stems, 20 inches long, became pros- 
trate and formed dense mats, as occurred over many 
acres in old worn-out pastures. Except for little 
barley and plantain, annual weeds were of little sig- 
nificance despite the abundance of horseweed and 
the scourge of peppergrass in 1937. The perennials 
—yarrow, vervain, and western ragweed—were pres- 
ent only in moderate numbers. The control of the 
forbs (exeept aster and goldenrod) by the general 
thickening of the grasses was a marked feature in 
1938. 

PLANT COVER IN 1940 

By the fourth year of succession sand dropseed 
still dominated in many places and in mixture with 
side-oats grama in others. In much of the area it was 
well intermixed with the bluestems, and frequently 
the bluestems were dominant and sand dropseed was 
almost absent. June grass and Pennsylvania sedge 
were far more common than before, and an occasional 
bunch of prairie dropseed was encountered. In mid- 
summer, little bluestem stood out conspicuously at a 
height of 10 inches in reddish bunches and patches. 
The tops of big bluestem were scorched and the leaves 
of side-oats grama were rolled. On the lower ground, 
the dried flower stalks of bluegrass were seattered 
thinly. Goldenrods were fewer and much dwarfed; 
they had been thinned greatly as the grasses in- 
creased; often only the outlines of former dense 
patches remained (Fig. 12). The patches of aster 
were likewise mostly very open, but the plants were 
taller than in earlier stages of succession (Fig. 13). 
Yarrow was abundant. Weeds were of minor im- 
portance, and the impress was distinctly one of 
grasses. Vervain, formerly common, had nearlv dis- 
appeared. The bunehes of grass were much thicker, 
of greater height, and produced many more stems 
than earlier in the succession. 

Patches of blue grama with foliage 6 inches high 
were common. Oeeasional bunches of hairy grama, 
tall dropseed, prairie dropseed, and plains muhly 
(Muhlenbergia cuspidata) occurred. In autumn, 
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Fig. 12. (Upper) Dense growth of smooth goldenrod 
(Solidago glaberrima) during the second year of suc- 
cession. (Lower) Open growth of smooth goldenrod 
during the fourth year of succession. It was formerly 
similar to that above, but is giving way to competing 
grasses. Complete suppression of this species is shown 
in Figure 15. 


where large bunches or patches of the bluestems or 
of blue grama were present, there was a distinet 
opening in the general canopy of flower stalks af- 
forded by sand dropseed and side-oats grama. The 
annual weed stage, especially that of little barley, 
so conspicuous in the areas with a shorter period of 
development, had nearly disappeared (Fig. 14). 
Plantain likewise was ineonspicuous. But the de- 
velopment into climax prairie was still far from 
complete (Fig. 15). 


PLANT COVER IN 1944 

Final observations on the course of succession were 
made in spring and summer of 1944. This was an 
unusually good year for growth. In May the soil 
of lower slopes was wet many feet in depth; on 
upper slopes wet soil oceurred to 4 or 5 feet and 
moist soil to 6 feet. Showers were well distributed 
and rain often fell in large amounts. 

Climax conditions had almost becn attained in the 
south exclosure. Most of it had a 70 percent. stand 
of little bluestem. The ravine was clothed with a 
dense and continuous cover of big bluestem, tall 
panie grass, and Indian grass with a few plants of 
ironweed. Everywhere the foliage cover was thick, 
usually 80 to 100 percent. The dense cover generally 
and the absence of weeds were in distinet contrast to 
conditions during the drought. This vegetation was 
identical with similar stands in undisturbed prairie. 





Fic. 13. (Upper left) Dense stand of many-flowered 
aster (Aster multiflorus) about 2 feet high and with no 
undergrowth. It was common during the earlier years 
of succession. (Upper right) Aster growing in a mod- 
erately thick stand of sand dropseed. It is shorter and 
the stems are fewer under competition. (Lower left) 
Aster greatly suppressed by big bluestem. The height 
of the grass is about 2 feet and the thick stand casts a 
dense shade. (Lower right) Representative sod from 
area shown in Figure 12. The goldenrod is completely 
suppressed, there are no flower stalks, and the plants 
with only 2 to 5 percent light are much attenuated. 
All photos on July 28, 1943. 


Only in a single small patch of a few square vards 
was it revealed that the area had at one time been 
pasture. Here the cover was sand dropseed, usually 
thickly intermingled with side-oats grama. But re- 
covery was shown by small bunches of little blue- 
stem and especially by tufts of big bluestem seat- 
tered throughout. They were thick on the periphery 
and foreshadowed a rapid return to a_ bluestem 
matrix. 

In the larger exclosure, any marked transition from 
old pasture to climax vegetation along the former 
fence line had been obliterated. Very little sand 
dropseed had developed its conspicuous flower stalks 
(Fig. 16). Little bluestem, big bluestem, and _ side- 
oats grama dominated except where Kentucky blue- 
grass formed irregular patches. Bluegrass had begun 
to replace sand dropseed in 1943 and now occurred 
thickly on low ground and th nly even on the hilltop. 
The bunehes of bluestem were crowded with eulms, 
and the bluestem sod was dense. The good foliage 
height and density of cover with an excellent soil 
mulch contributed greatly toward making it appear 
like climax prairie. 

Bare so] was no longer exposed; everywhere he- 
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Fig. 14. 


tween the plants it was obscured by the mulch of 
dead and decaying plant parts. Moreover, many 
species of the understory, as Seribner’s panic grass, 
Wilcox’s panie grass, and Pennsylvania sedge, were 
common. On only a few square yards in places 
that were formerly destitute of vegetation did sand 
dropseed still remain, its dense flower stalks remind- 
ing one that a few years previously it had pre- 
vailed generally. But elsewhere, if present, it was 
subdued by shade or by a thick muleh of leaves and 
by root competition as in bluegrass sod. There was 
only a small amount of hairy chess or other species 
of brome grass, or of six-weeks fescue and little bar- 
ley. Pursh’s plantain had completely disappeared. 
All of these are indicators of an open or distrubed 
cover. 

Many-flowered aster, smooth goldenrod, and the 
perennial ragweed were all greatly subdued and not 


conspicuous in the deep cover of grass. Practically 
no pasture weeds remained. The thick bunches of 


little bluestem had a foliage height of 18 inches. But 
only the flower stalks of side-oats grama or bluegrass 
exceeded about a foot in height. Under these grasses 
shade was dense, and the soil unless clothed with 
bluegrass was usually without other vegetation. The 
foliage cover was not so even as that of completely 
stabilized prairie where more uniform height adjust- 
ments had been attained. Sand dropseed lingered 
longest when intermixed with tufts and small mats of 
side-oats grama. It thrived best where light was 


Vegetation undergoing different periods of succession, June 25, 1940. 
fence line between the fourth year exclosure (left) and the second year exclosure (right) is very 
distinct because of the abundance of little barley (Hordeum pusillum) which has dried and gives the 
light color. 


The former 


abundant and its semi-prostrate stems were not too 
much shaded. 

But throughout this intermixture of grasses, the 
complete recovery and rapid spreading of the blue- 
stems were proceeding everywhere (Fig. 17). Many 
minor grasses and prairie forbs were also flourishing. 
Yarrow was generally distributed, and thére occurred 
small amounts of daisy fleabane, false prairie bone- 
set, ground plum, and ironweed. One had only to 
observe in the adjacent earlier stages of recovery the 
dense and vigorous patches of aster to be subdued, 
the bare spots clothed only with weedy bromes, the 
abundance of little barley and other annual pasture 
weeds, and the formidable ranks of the-3-foot flower 
stalks of sand dropseed, to be reminded of the great 
changes that had taken place. There the. much 
smaller amount of bluegrass was also striking. 
Enough dried flower stalks of sand dropseed still 
remained to clearly demark the boundary line be- 
tween the areas with the fifth and eighth year of 
succession. 

Conversely, observations in prairie of the abun- 
dance of needle grass, the dense stands of prairie 
dropseed, and the ever-present sprinkling of the lead 
plant, blazing stars, psoralea, and sunflower, made 
one realize that stabilization was not yet complete. 
Nature is conservative; development proceeds slowly 
especially during times of moisture deficiency, and 
even subseres for their completion may require a long 
period of time. Yet the contrast between the new 
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Fig. 15. Photo in September, 1940, showing sharp line of demarcation between climax prairie 
(right) and pasture (left). The pasture contains millions of flower stalks of sand dropseed which 
have bleached white in the late summer drought; they obscure the other vegetation. A little sand 
dropseed has invaded prairie but here the chief plant of light color is side-oats grama, which is also 


abundant in the pasture. 





Fig. 16. A typical plant of sand dropseed 2.5 feet 
tall (left), and different degrees of suppression (cen- 
ter) where the short stems from the large crown were 
reduced to 1 or 2 in number as a result of shading by 
big bluestem. (Right) Big bluestem overtopping sand 
dropseed. The single-stemmed relict in this sod (in 
front of cardboard) was reduced to a height of only 
5 inches. 


8-year-old prairie and the depleted ancestral pasture 
was so great that one could scarcely comprehend their 
close relationship. Here was the building anew from 
the old remnants of vegetation, the discarding of 
weedy invaders, the slow but steady replacement of 
the former interrelations of native species with spe- 
cies, the delicate readjustment of community relation- 
ships which had been all but destroyed. These in- 
deed are phenomena worthy of scientific study, and 
they are also of far-reaching economie importance. 


SUMMARY 


The nature and rate of succession in a 23-year-old 
native pasture under complete protection from graz- 
ing were studied quantitatively near Lincoln, Ne- 
braska, during seven growing seasons, 1937 to 1943. 

The pasture was of the little bluestem (Andropo- 
gon scoparius )—Kentucky bluegrass (Poa pratensis) 
type preceding the great drought of 1934-36, but was 
dominated by sand dropseed (Sporobolus ecryptan- 
drus) and side-oats grama (Bouteloua curtipendula) 
following the high mortality of the less xerie grasses. 

Five groups of permanent, meter quadrats were 
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View on September 24, 1944, showing how the vegetation in the successional area 


(left). merges imperceptibly into that of the climax prairie on the right (compare with Figure 15), 


established in which the increase or decrease of plants 
of each species was ascertained by stem-counts. 

Fourteen species of grasses and sedges, 19 of na- 
tive forbs, and 13 ruderals, constituted the total vege- 
tation in the 43 quadrats in 1937; the number later 
increased to 58. 

The topography is rolling; the soil is a fertile clay 
loam about 3 feet in depth underlaid with a deep, 
somewhat sandy subsoil. Average annual precipita- 
tion is 27 inches. 

Drought oceurred each growing season until 1942; 
but conditions for growth were favorable in spring 
and early summer of 1938 and 1941. Drought was 
definitely broken in 1942, and excellent growth oe- 
curred in 1943 and 1944. 

Soil sampling to depths of 6 feet revealed that the 
vegetation depended chiefly upon current rainfall for 
its water for growth. 

The most marked change in quadrats dominated by 
sand dropseed was a steady increase (94 percent) 
in number of stems of the dominant until near the 
end of the drought. This was followed by a gradual 
decrease as the more mesic grasses regained their 
vigor. 

In quadrats where little bluestem was most abun- 
dant, it gained 332 percent by 1940 and even more 
during the following good years. Sand dropseed 


gained steadily even after the severe drought of 1939- 
40 when nearly all other grasses decreased, but there- 
after it lost heavily. 

Kentucky bluegrass composed 92 percent of the 
grass in relict areas quadratted in 1937. It suffered 
a loss of 99 percent during the following dry fall 
and winter, and had increased only slightly by 1940, 
but very rapidly in 1942-44. 

Of the total population of the 43 quadrats blue- 
grass comprised 56 percent of the perennial grasses 
in 1937, but only 3 percent in 1938. Sand dropseed, 
which constituted 26 per cent of the grasses, became 
more widely distributed than any other species. 

Only 5 native forbs were of major importance. 
Among these Aster multiflorus and Solidago glaber- 
rima both increased greatly, then waned, and later 
were suppressed. 

Foliage cover of vegetation undergoing the first, 
second, and fourth year of protection was 29, 56, 
and 61 percent, respectively, in 1940, but increased to 
80 percent or more by 1943. Basal area was 10, 21, 
and 20 percent in the same sequence, and no increase 
occurred after a basal area of about 21 percent was 
attained in each area. 

Diameter of bunches and number and length of 
stems increased as succession progressed. 

Yields under a shorter period of succession were 
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often as great or greater than under a longer one, 
owing to the greater proportion of xeric grasses and 
weeds the fivst few years but later to the remarkable 
growth of prairie grasses freed from too close com- 
petition. 

In the second year of succession bluegrass main- 
tained only 3 percent of its former stand. Little 
bluestem had recovered sufficiently to emphasize its 
relatively small amounts; big bluestem occurred abun- 
dantly only in loeal areas. Invading sand dropseed 
was usually the dominant grass, with side-oats grama 
second in abundance. There was much bare soil 
which the smaller panie grasses, Pennsylvania sedge, 
and slender cyperus had begun to occupy. Daisy 
fleabane, aster, and goldenrod were the most charae- 
teristic forbs, often occurring in extensive pure 
patches. Smaller but very abundant were little bar- 
ley, Pursh’s plantain, and rough pennyroyal. They 
grew thickly in the bare soil. 

Near the end of the drought in 1940, sand dropseed 
still dominated in many places. It still grew in mix- 
ture with side-oats grama, but over much area with 
the bluestems as well. It had been locally replaced 
by bluestems which had greatly thickened their stands. 
The bunches and mats of other prairie grasses were 
also both thicker and more vigorous. Bluegrass had 
made only slight gains. The patches of goldenrod 
and aster were somewhat thinned by the grasses, and 
the plants were dwarfed. The annual weed stage of 
little barley, Pursh’s plantain, and rough pennyroyal 
had nearly disappeared. 

After 8 years, and especially three consecutive good 
years, climax conditions had almost been attained. 
Only in a few places was sand dropseed still abun- 
dant. The bluestems and side-oats grama dominated 
except in parts of lowlands where bluegrass formed 
a dense sod. There was no bare soil. All the weedy 
annuals had disappeared; aster and goldenrod were 
also absent or greatly subdued. An understory of 
various minor prairie grasses, bluegrass, and forbs 
was rapidly developing. Under the dense stand of 
prairie grasses there was a good mulch of fallen 
debris. But the absence of certain species of prairie 


grasses and forbs, common in adjacent climax prai- 
rie, and the lack of various community relationships, 
indicated that succession was still incomplete. 
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